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ABSTRACT 
BACKGROUND: Diabetes mellitus is a systemic disease with several major complication 
affecting both the quality and length of life. Periodontal disease is considered to be sixth 
complication of diabetes. Type 2 diabetes is the most common form of diabetes accounting for 
90-95% of all cases, usually has an adult onset. Diabetes mellitus is an extremely important 
disease from a periodontal standpoint. 
AIM: The purpose of the study was to assess the prevalence and severity of periodontal disease 
in type 2 diabetes mellitus (DM) patients in Coimbatore city and to compare the findings with 
non-diabetic patients. Also a comparison was made to assess the periodontal status among well-
controlled, moderately-controlled, poorly controlled diabetic patients with the possible influence 
of other factors such as age, sex, oral hygiene habits, personal habits, duration of diabetes, and 
Glycated hemoglobin as contributory risk elements for periodontal disease. 
MATERIALS AND METHODS: The study involved 400 type 2 diabetic patients (Study 
Group) and 100 non diabetic patients (Control Group) among the age group of 35-75 years were 
included in the study. The study group was divided based on Glycated hemoglobin levels into 
well, moderately and poorly controlled. Relevant information regarding age, oral hygiene habits 
and personal habits was obtained from the patients. Oral examination was done using 
Community Periodontal Index (CPI) and Plaque Index (PlI). The statistical analysis was 
calculated by using multivariate logistic regression analysis for multiple comparisons. 
RESULTS: The mean CPI score and the number of missing teeth was higher in diabetics 
compared with non diabetics, and was statistically significant (p<0.05), indicating that 
prevalence and extent of periodontal disease was more frequent and more severe in diabetic 
patients. The risk factors like Glycated hemoglobin, duration of diabetes showed a positive 
correlation with periodontal destruction, according to the multiple regression analysis. The 
association between duration of diabetes with prevalence of periodontal disease according to CPI 
was 94.4% which showed a significant value (p <0.05) as duration of diabetes increases (i.e. >10 
years). There was a positive correlation between age and prevalence of periodontal disease in 
diabetic patients with a statistically significant (p<0.05). The prevalence and severity of 
periodontal disease was higher in diabetic patients (61.3%) when compared with non diabetics 
(31.7%). The odds ratio of a diabetic showing periodontal destruction in comparison with a non 
diabetic was 0.259, 3.283 and 2.329 (95% CI) in well, moderately and poorly controlled 
diabetics, respectively. 
CONCLUSION: The present study made an attempt to determine the association between type 
2 DM and periodontal disease in Coimbatore city. It was found that type 2 diabetes mellitus 
subjects manifested higher prevalence and severity of periodontal disease as compared with non 
diabetics. 
KEY WORDS: Type 2 Diabetes mellitus; Periodontal disease; Prevalence; Glycated 
Hemoglobin level. 
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  Periodontitis is a common chronic inflammatory disease 
characterized by destruction of the supporting structures of the teeth (gingiva, 
periodontal ligament, cementum and alveolar bone). It is highly prevalent (severe 
periodontitis affects 10-15% of adults) and has multiple negative impacts on 
quality of life. Epidemiological data confirm that diabetes is a major risk factor 
for periodontitis; susceptibility to periodontitis is increased by approximately 
threefold in people with diabetes.1There is a clear relationship between degree of 
hyperglycemia and severity of periodontitis. 
   Diabetes mellitus (DM) is a metabolic disorder characterized by 
changes in carbohydrates, protein and lipid metabolisms. Its main characteristic is 
hyperglycemia. There are various types of DM based on the complex interaction 
between genetic and environmental factors. Depending on the cause, factors that 
contribute to hyperglycemia can be differences in insulin secretion, reduction in 
glucose use and increase in glucose production.2The current classification of 
diabetes is based upon the patho-physiological mechanisms of each form of the 
disease.  
  Type 1 diabetes results from autoimmune destruction of pancreatic 
β cells, typically leading to a complete loss of insulin secretion. This form is 
usually present in children and adolescents. The lack of insulin production in 
patients with type 1 diabetes makes the use of exogenous insulin necessary to 
sustain life, hence the former name ‘‘insulin-dependent diabetes.’’3 
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  Type 2 diabetes, previously called Non-Insulin Dependent 
Diabetes Mellitus (NIIDM) results from insulin resistance, which alters the 
availability of endogenously produced insulin in the target cells. Type 2 diabetic 
patients can be undiagnosed for many years as the hyperglycemia appears 
gradually and often without symptoms.  
  Gestational diabetes usually has its onset in the third trimester of 
pregnancy, and adequate treatment reduces perinatal morbidity. Most women with 
gestational diabetes return to a normoglycemic state after parturition; however, a 
history of gestational diabetes significantly increases the risk of subsequently 
developing type 2 diabetes.4  
   DM and periodontal disease are highly prevalent chronic diseases 
that have a major impact on the health and well being of millions of individual’s 
worldwide.5A conclusive diagnosis of DM is made by assessing Glycated 
hemoglobin levels; in those people with diabetes.6 DM has been unequivocally 
confirmed as a major risk factor for periodontal disease. Periodontitis has been 
referred to as the sixth complication of diabetes.7 There has, recently, been much 
emphasis on the 'two-way' relationship between diabetes and periodontitis. That 
is, not only is diabetes a risk factor for periodontitis, but periodontitis could have 
a negative effect on glycaemic control.8 
  Coimbatore is the second largest city in Tamil Nadu and the 15th  
largest urban agglomeration in India with the a metropolitan population of over 2 
million. It is a major commercial centre referred to as Manchester of south India. 
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The city sits amidst River Noyyal's basin and is surrounded by Western Ghats in 
the north and west. Though epidemiological surveys on prevalence of periodontal 
disease among diabetic patients have been performed in many parts of the world, 
data available on prevalence of periodontal disease among well-controlled, 
moderately and uncontrolled diabetics in Coimbatore city was minimal. Hence 
type 2 diabetic patients in Coimbatore city were studied in order to assess the 
prevalence of periodontal disease.  
AIM&OBJECTIVES 
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AIM OF THE STUDY: 
  To assess the prevalence and severity of periodontal disease in type 2 
diabetes mellitus patients in Coimbatore city and to compare the findings with non 
diabetic patients. 
OBJECTIVES OF THE STUDY: 
1. To compare the periodontal status among well-controlled, moderately 
controlled, poorly controlled diabetic patients. 
2. To investigate the possible influence of other factors such as age, sex, oral 
hygiene habits, personal habits, duration of diabetes, and Glycated 
hemoglobin (HbA1c) as contributory risk elements for periodontal 
disease. 
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   Type 2 DM constitutes 90% of the total diabetic patients. Data from the 
World Health Organization and United Nations estimate that the number of adults with 
diabetes worldwide will increase from 135 million in 1995 to 300 million in 2025.
9
 
  Ray HG et al. (1950)
10
 presented an investigation to study the histological 
examination of the gingival tissues taken through biopsy from diabetic and non diabetic 
patients. 30 adults under treatment for DM in the Metabolic Clinic of the University of 
Illinois Research and Educational Hospital were randomly selected. The age of patients 
ranged from 25 to 71 years and the duration of diabetes was from 3 months to 10 years. 
The control of diabetes in these patients was determined according to the severity of 
glycosuria. Out of these, 6 were in good control, 11 in fair control, and 13 in poor control. 
Gingival biopsies were taken from 30 adults who were non-diabetic and who were 
inmates of the Chicago State Hospital at Dunning, Illinois. These patients ranged in age 
from 24 years to 72 years and were physically healthy individuals with the exception of 5 
who were suffering from particular illnesses. All of the patients were classified on the 
basis of clinical examination according to the degree of gingivitis. The diabetic patients 
were also classified according to the control of the disease. This investigation is based on 
clinical examination of the gingiva and on a histological study of gingival biopsies. The 
alterations observed in diabetic patients were change in surface character from stippled to 
smooth, lack of hornification, intranuclear vacuolization in the epithelium, increase in the 
intensity of the inflammation, change in the structural appearance of connective tissue 
and increased presence of calcified "foreign bodies". Most of the observations were 
REVIEW OF LITERATURE 
 
  6 
 
related to the severity of gingivitis. Some of the changes appeared to be accentuated in 
the diabetic patients, which may represent an increased tissue reaction to local irritation.
 
  Swenson HM et al. (1954)
11
 presented a case to substantiate a point which 
involves an excessive amount of alveolar bone loss which occurred after the onset of 
diabetes. He presented a case of a 28-year-old unmarried male who was first diagnosed as 
a diabetic in September 1945. He was placed on a restricted diet which was not adhered 
to. In March, 1948, he went to his dentist (Dr. T. Esmon) for a prophylaxis. At that time 
he presented with mild gingivitis which responded fairly well to treatment. The full-
mouth x-ray showed a slight disturbance in some alveolar crests. The patient did not 
return for treatment again until February1951, when he stated that his lower left incisor 
had fallen out by itself. Clinical examination showed marked mobility of the teeth. The 
gingival tissue was inflamed and hyperplastic with suppuration present around most of 
the teeth. X-ray examination revealed extensive bone loss around all of the teeth. This 
case illustrates a dramatic bone loss in a young individual with uncontrolled diabetes. The   
author postulates that uncontrolled diabetes is usually in a negative nitrogen balance 
which results in drainage of the body proteins. Adequate protein metabolism is necessary 
for calcium metabolism. Therefore, it might be possible with a reduction in proteins to 
have a disturbance between bone formation and bone resorption. Regardless of the 
mechanism involved, it does emphasize the relationship between systemic disturbances 
and periodontal involvements. 
  Sheridan Jr RC et al.(1959)12 reported a study of 100 routine dental 
patients who visited the University of Alabama School of Dentistry for oral examination 
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and care. These individuals were studied carefully for the presence of extra and intraoral 
symptoms, intraoral signs, and oral roentgenographic findings by a dental examiner. Out 
of these patients, 2% were known diabetic, 26% showed evidence of decreased 
carbohydrate tolerance, 3% who reported to the clinic with a primary admission 
complaint of loose teeth also demonstrated decreased glucose tolerance. A negative 
family history of DM proved to be of little help in eliminating the possibility of decreased 
glucose tolerance and possible diabetes mellitus. Dry and burning mouth, gingival 
tenderness, and pain with tooth percussion occurred more frequently in patients with 
decreased glucose tolerance. Some intraoral signs (lip dryness, severe loss of gingival 
stippling, so-called spontaneous gingival bleeding, marked changes in gingival hue, 
absolute pocket formation, tooth mobility and loss, and presence of calculus) occurred 
with greater frequency in those patients showing evidence of decreased glucose tolerance. 
The roentgenographic findings of alveolar bone loss and marginal widening of the 
periodontal membrane appeared more often in patients with confirmed and possible 
diabetes mellitus. 
  Cheraskin E et al.(1960)
13 
designed a study to analyze the glucose 
tolerance pattern in a group of dental patients with and without oral symptoms which are 
ordinarily recognized as being common findings associated with diabetes mellitus. 100 
dental patients were studied on this section in Oral Medicine at the University Of 
Alabama School Of Dentistry. The subjects were selected randomly, 22 males and 78 
females. Each subject was carefully questioned regarding possible xerostomia, 
stomatopyrosis, and gingival tenderness. The scoring was made on the basis of a three-
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point scale. If the patient reported negatively, 0 was assigned. When the individual 
indicated occasional dry or burning mouth or gingival tenderness, then 1 was recorded. 
Two was utilized to indicate the constant presence of the particular symptom. Thus a 
completely asymptomatic patient was given a total score of 0 and a patient with all three 
complaints constantly was assigned 6. A true glucose tolerance test was performed. On 
the basis of the overall glucose tolerance pattern, 100 routine dental patients would be 
regarded as systemically abnormal. Burning mouth in contrast to xerostomia and gingival 
tenderness appears to be more related to diabetes mellitus. The combination of 
stomatopyrosis and xerostomia seem to be more representative of the diabetic patient 
than any other combination of stomatopyrosis, xerostomia, and gingival tenderness. The 
constellation of xerostomia, stomatopyrosis, and gingival tenderness appears to represent 
more of the diabetic patient complaints than any one or double combination of these three 
symptoms. Within the limits of this study, the evidence suggests that the age factor does 
not play a role in the relationship of oral symptoms to the glucose tolerance pattern. 
  Belting CM et al.(1964)
14
 did a study for the purpose to agree or to 
decline an epidemiologic basis on the hypothesis that DM predisposes to the development 
of periodontal disease and to examine the nature of any coalition if found to exist. Two 
groups of male veteran patients were selected for a periodontal examination. The 
experimental group consisted of 78 patients, all of whom had a diagnosis of diabetes 
mellitus. The control group consisted of an equal number of patients examined at each 
hospital, all of whom had a medical diagnosis other than diabetes, for a total of 79 
patients. The sample ranged in age from 20 to 89 years. By the method of Russell 
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Periodontal Index , the periodontal status of each tooth is evaluated. The vital statistics 
recorded included age, medical diagnosis, amount and type of medication, brushing 
frequency, degree of calculus and bruxism and clenching habits. There were significant 
differences in severity persisted associated with variable factors as degree of calculus, 
age and decrease in the severity in increasing frequency of brushing in both groups. The 
severity of periodontal disease was significantly greater among the diabetic group than 
among the non diabetic group of patients. It is concluded that the increased severity of 
periodontal disease found among diabetic patients is another manifestation of the 
peripheral vascular occlusive disorders associated with diabetes mellitus. 
  Shannon IL et al.(1965)
15
 designed a study which included 300 male 
subjects between the ages of 17-22 years to determine carbohydrate metabolic patterns, 
as measured by oral glucose-tolerance tests, which were related to the integrity of the 
periodontium. Following the collection of the fasting blood sample, each subject 
underwent a periodontal evaluation which included both clinical and roentgenographic 
examinations. Calculation of the periodontal index for each subject was based primarily 
on probe measurements of the depth of periodontal pockets, and on the status of the 
gingival tissue. All serum samples, a total of 1,500, were analyzed for glucose by 
chemical methods such as enzyme method and the ferricyanide procedure. The results of 
an automatic ferricyanide procedure were compared to those from an enzymatic 
procedure with specificity for glucose. There was no indication that periodontal status 
was related to glucose tolerance in these subjects. There was no indication that 
periodontal status was related to glucose tolerance in these subjects. 
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  Benveniste R et al. (1967)
16
 did a study on subjects who ranged in age 
from 5 to 72 and were classified as diabetic by the attending physician at the Indiana 
University Medical Center. In each case, glucose tolerance tests were used to make the 
diagnosis. 124 individuals, of which 53 were diabetic and 71 were non-diabetic relatives, 
were examined using mouth mirrors, periodontal pocket gauges, gauze squares, and air 
syringe and good light. Results were scored using criteria established by Ramfjord. This 
study showed no significant differences between diabetics and their non-diabetic relatives 
for the most common periodontal disease parameters-gingivitis, calculus deposition and 
periodontal pocket formation. Multiple regression analysis of the data obtained for tooth 
by tooth and group by group comparisons for gingivitis, calculus formation and pocket 
depth failed to show any significant differences between diabetics and non-diabetics. 
Since all of these diabetic individuals were under insulin and/or dietary regulation, the 
findings pertain to "controlled" diabetics. 
  Glavind L et al. (1968)
17
 presented a paper reports on the qualitative and 
quantitative conditions in the periodontium of diabetics as related to diabetes duration, 
vascular changes in the retina, and insulin dosage. The material consisted of 102 
dentulous men aged between 20 and 40 years. 51 diabetics were selected at random 
among outpatients regularly controlled in the Diabetic Clinic of the second Department of 
Medicine, Aarhus Kommune Hospital. The non diabetic control group was also selected 
at random, either among patients who called at the hospital for minor ailments, or among 
patients calling at the Department of Oral Diagnosis, The Royal Dental College, Aarhus, 
for non periodontal treatment. All patients went through a standardized medical 
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examination, including ophthalmoscopy and urine tests for protein and glucose. Each 
non-diabetic patient had a three-hour oral glucose tolerance test taken in order to exclude 
possible undetected diabetes. The periodontal examination included number of teeth 
present (third molars excluded), gingival condition according to the criteria of the GI 
(Loe and Silness 1963), Pocket depth, Loss of fiber attachment on all axial surfaces of all 
teeth, Loss of alveolar bone on the basis of sets of 14 roentgenograms of each patient. On 
the basis of statistical analyses the following conclusions seem valid, Up to the age of 40 
years, the gingival condition of controlled male diabetics is characterized by a chronic 
inflammatory lesion, the severity of which is not different from similar lesions in non 
diabetics. Between 30 and 40 years of age, diabetics show a slight increase in periodontal 
breakdown when compared with non-diabetics, and patients suffering overt diabetes for 
more than ten years show greater loss of periodontal structures than those with a history 
of less than ten years. Insulin dosage does not seem to be related to the degree of 
periodontal destruction. A modestly increased rate of periodontal destruction was seen in 
patients with longstanding diabetes. 
  Cohen DW et al. (1970)
18
 conducted a study to determine the quantitative 
differences in the progression of periodontal disease in diabetic and non-diabetic females. 
The longitudinal significance of local factors which may initiate, contribute to, and/or 
modify the progress of periodontal disease in the diabetic and non diabetic female.21 
diabetic females (mean age 27.1 ± 4.71) and 18 non diabetic females (mean age 28.1 ± 
3.94) have been evaluated at three annual examinations. The diabetic group had 
significantly more gingival involvement at each examination as compared to the non 
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diabetic group. The diabetic group had a significantly greater loss of attachment around 
the teeth than did the non-diabetic group. Soft deposits were significantly less in the 
diabetic group. The presence and amount of soft deposits on the teeth was a consistent 
finding in both groups at each examination. The presence and amount of hard deposits 
were similar and increasing in both group. The increased gingival deterioration in the 
diabetic group and the presence of a systemic disease are the only two parameters 
measured that may be accountable for the advanced destruction of the attachment 
apparatus in the diabetic group. 
  Hove KA et al.(1970)
19
 undertook a study in an attempt to clarify the 
divergence of opinion regarding the status of the periodontal structures of the diabetic 
when compared to the non-diabetic patient. 28 diabetic and 16 non-diabetic patients from 
Hennepin County General Hospital were surveyed. Duration and severity of the diabetes 
were obtained from the patient's medical record. Periodontal examination included 
measurement of oral debris and calculus according to the criteria of Greene and 
Vermillion (1964). Pocket depths and gingival alterations were evaluated according to 
Ramfjord (1959). X-ray evaluation of alveolar bone loss was carried out .In addition, 
interproximal gingival tissue biopsies were obtained to study vascular changes and 
inflammatory response. All results were coded and evaluated blindly to help eliminate 
investigator bias. Mean value from the diabetic samples were compared with those from 
non-diabetics. All diabetics were controlled by diet, oral hypoglycemic agents or insulin. 
From the information gathered it was concluded that periodontal disease increased with 
age in both the groups and was directly related to accumulation of plaque and calculus. 
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The severity and duration of the diabetes appeared to have little effect upon periodontal 
disease and an inflammatory response existed in all the gingival tissue specimens which 
was related to the debris index. Vascular changes were found more frequently (71%) in 
the diabetic than in the non-diabetic (19%), (p =.001) while the age of the diabetic, 
severity of the disease, and duration of diabetes had little observed effect upon the 
vascular changes. 
  Frantzis TG et al.(1971)
20
 was to study the ultra structure of the basement 
membrane in the gingival capillaries of normal individuals and of diabetics and non-
diabetics with periodontal disease. An electron microscopic investigation of the width 
and ultra structure of the basement membrane in normal gingival capillaries and of the 
gingival capillaries of diabetics and non-diabetics with periodontal disease was 
undertaken. 8 patients served as controls (group 1) and had attached gingiva biopsied 
from clinically healthy regions. Attached gingiva was obtained during periodontal 
surgery from 7 non-diabetics (group 2) and 8 diabetics (group 3). Measurements of the 
capillary basement membranes from electron photomicrographs revealed that there was 
no significant difference in mean widths of the basement membrane between group 1 and 
group 2. The mean width for group 3, however, was approximately four times larger than 
the mean of either group 1 or 2 and was significantly different from each other. The 
basement membranes of groups 1 and 2 did not differ in any structural way. The 
basement membrane in diabetes was different in the following ways: it was greatly 
thickened owing to an increase of its substance; production of collagen fibers was evident 
within its structure and peri-endothelial depositions of a basement membrane-like 
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material were observed. The basement membrane was not altered in non diabetic 
periodontal disease. It is suggested that the thickening observed in the diabetic group may 
impede oxygen diffusion and metabolic waste elimination, resulting in physiologic 
imbalances and increasing the severity of periodontal disease. 
  Nichols C et al.(1978)
21
 conducted a study  in which  54 diabetic patients 
were included. All the subjects in the study were outpatients attending the Endocrine 
Clinic of the Philadelphia General Hospital over a period of approximately 1 year. All 
patients attending the Endocrine Clinic were given a screening oral examination while 
waiting for their blood to be drawn or have their consultations with their physicians. 
Following the oral examination the patients' medical charts were obtained from the 
hospital files and the following information such as age of the patient, mode of therapy of 
diabetes, duration of the disease in years, cardiovascular problems, retinopathy, 
peripheral neuropathy degree of control of diabetes were extracted. In order to determine 
whether the severity of periodontal disease was related to the severity of diabetes 
mellitus, a series of parameters of the DM population was simultaneously studied. The 
result showed no significant relationships between the levels of periodontal disease and 
the duration of diabetes, the type of treatment and the frequency of systemic 
complications. 
  Sznajder N et al. (1978)
22
 conducted a study to assess prevalence and 
severity of periodontal disease. This study investigated two groups of patients, diabetics 
and non-diabetics, with an analysis of possible relationships between the local factors 
(plaque and calculus) and the clinical manifestations of periodontal disease (gingival 
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inflammation and loss of attachment) in both groups. 148 subjects were included  in 
which 120 females and 28 males were aged  between 9 and 50 years, with an average age 
of 30 years. The experimental group consisted of 83 diabetics and there was a control 
group of 65 non diabetics. Both groups were divided into patients under and over the age 
of 30. The results proved that the loss of attachment was higher in the over-30 diabetic 
group in the presence of similar local factors. A higher GI was reported in diabetics of the 
combined age groups than in the controls (p <0.05). The Plaque and Calculus Indices did 
not differ significantly between the diabetic and control subjects. The correlation between 
the PlI and loss of attachment in diabetics was the most relevant of the correlation 
analyses. The correlation between the gingival inflammation and loss of attachment 
indices in the combined diabetic group was also significant. In both groups, diabetics and 
controls, periodontal destruction increased significantly with age.  
  Sanchez-Cordero S et al. (1979)
23
 determined the incidence of the genus 
Staphylococcus in the sub gingival plaque of a diabetic with Periodontitis in comparison 
to a non diabetic with Periodontitis. 120 adults participated in the study. The Control 
group, Group 1, consisted of 40 young adults (29 males and 11 females ranging in age 
from 20 to 30 years) showing clinically healthy gingival tissues without evidence of loss 
of attachment Periodontitis non-diabetic group, Group 2, consisted of 40 non-diabetic 
adults (24 males and 16 females, ranging in age from 40 to 76 years) who had 
Periodontitis and presented a pocket depth of 5 mm+ on the mesial aspect of the first 
mandibular molar. Periodontitis-diabetic group, Group 3, consisted of 40 medically 
supervised diabetic patients (27 males and 13 females ranging in age from 40 to 72 years) 
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visiting the Diabetic Clinic division of the Internal Medicine Department at Bellevue 
Hospital at regular intervals. All of these patients had Periodontitis and presented a 
pocket depth of 5 mm+ on the mesial aspect of the first mandibular molar.  Microbial 
samples were taken from the same tooth and the same surface in every patient (mesial 
aspect of the first mandibular right or left molar). A highly significant difference in the 
incidence of Staphylococcus was found between the diabetics when compared to non-
diabetics and other controls. The strains of Staphylococcus recovered from pockets of 
non-diabetics differed significantly from those isolated from the diabetics. In the non-
diabetic group, Staphylococcus saprophyticus was found to be the predominant species of 
Staphylococcus whereas Staphylococcus epiaermiais constituted the greater majority of 
the diabetic isolates. The difference was statistically significant (0.001 < 0.009). The 
pathogenic characteristics presently recognized in S. epiaermiais suggest that it might 
play a role in the pathogenesis of the periodontal lesion in subjects with diabetes mellitus. 
  Manouchehr-Pour M et al.(1981)
24
 evaluated the relationship between 
the severity of periodontal disease and Polymorphonuclear neutrophils(PMN) 
chemotactic abnormalities in diabetics and non-diabetics, and correlated any observed 
PMN chemotactic defect with the degree of gingival inflammation and the amount of 
periodontal attachment loss. 32 subjects including diabetics and 18 non-diabetics were 
included. All subjects were dentulous with at least 20 teeth at the time of the experiment. 
The diabetic group was subdivided into 8 subjects with severe periodontitis and 6 
subjects with mild or no periodontal disease. Only patients with at least 5 years history of 
diabetes and fasting blood glucose level of higher than 140 mg/100 ml were selected for 
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this group. The average age of diabetics with severe Periodontitis was 49 (ranging from 
32 to 59) and that of diabetics with mild periodontal disease was 51 (ranging from 44 to 
60). The non-diabetic group also was subdivided into two subgroups of 7 subjects with 
severe periodontitis and 11 subjects with mild or no periodontal disease, with mean age 
of  the subgroup was 31 (ranging from 21 to 50).Subjects who were taking aspirin or 
steroids or had an active infection were not included in the study. Periodontal conditions 
were recorded with intraoral photography, full-mouth radiography, Gingival Index (GI) 
and complete periodontal charting. The oral hygiene status was recorded using the PlI. 
The chemotactic assay employed a modification of the Boyden technique. 
chemoattractants studied included endotoxin activated autologous plasma, endotoxin 
activated normal plasma, and w-formylmethionyl- leucyl-phenylalanine. The results 
indicated that diabetic patients with severe periodontitis had lower PMN chemotactic 
response than diabetic subjects with mild periodontal disease. This study indicates that 
impairment of PMN chemotaxis may be important in the pathogenesis of severe 
periodontitis in diabetic patients. 
  Ervasti T et al. (1985)
25 conducted a study to compare the oral health 
status of diabetic and non diabetic patients and the effect of the diabetic state on gingival 
changes.  The total number of  subjects included were 50 diabetics patients(34 males and 
16 females) .In  the control group 53 controls (37 males and 16 females) were selected.. 
Subjects were selected according to the social-twin principle and were of the same age, 
sex and social class, known diseases and were under no medication. The diabetic group 
was further divided into three subgroups according to their degree of control of the 
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diabetic state, well controlled (n = 10), moderately well controlled (n = 24) and poorly 
controlled (n = 10). 6 diabetic subjects were excluded because of missing data concerning 
the control of diabetes. The control of diabetes assessed by glucose level in blood and 
urine and the level of HbA1, a fraction of hemoglobin. The oral health status evaluated 
through PlI, supra and sub gingival calculus, plaque retention areas, gingival bleeding on 
probing. To analyze the variables separating the diabetic and the control group 
discriminate analysis was used. Relation between gingival bleeding and etiology factors 
including diabetic status were examined by stepwise regression analysis. The proportion 
of bleeding gingival surfaces was significantly smaller in well controlled diabetics 
compared to the controls (p< 0.05). Poorly controlled diabetics had more gingival 
bleeding than those with good control; the difference was statistically significant (p< 
0.01). Poorly controlled diabetics had more gingival bleeding than moderately and well 
controlled diabetics (P < 0.01). Compared with the control subjects, the poorly controlled 
diabetics increased degree of gingival bleeding was again statistically significant (p< 
0.05). The role of etiologic factors in gingival bleeding was examined using regression 
analysis in the diabetic group. Sub gingival calculus and control of diabetes turned out to 
be the most prognostic independent variable and showed the significance of metabolic 
control of diabetes in increased gingival scores. The reason for increased bleeding in 
poorly controlled diabetics could be either inflammation or vascular changes in the 
gingiva. 
  Zambon JJ et al.(1988)
26
 reports examination of the sub gingival micro 
flora and serum antibody response in Pima Indian population. 55 adults ranging in age 
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from 17 to 64 years, (19 men and 36 women) were selected with clinical signs of 
moderate to severe Periodontitis including mean Interproximal pocket depth on index 
teeth of greater than 5 mm, mean GI greater than 2, as well as loss of 25% or more 
alveolar bone height as measured on panoramic radiographs with a Schei ruler for 
microbiological examination. Indirect immunofluorescence for Bacteroides intermedius, 
Bacteroides gingivalis, and Haemophilus was performed on these same samples as well 
as on 186 sub gingival plaque samples taken from 47 additional subjects with moderate to 
severe generalized Periodontitis. These latter patients included 25 subjects with non 
insulin dependent diabetes mellitus (NIDDM). The sub gingival plaque samples included 
those taken from the deepest periodontal pocket in each quadrant. 377 subjects were 
examined for serum antibody to 13 oral microorganisms. These subjects included 84 
normal subjects without periodontal disease, 112 normal subjects with periodontitis, 19 
periodontally normal subjects with impaired glucose tolerance (IGT), 65 periodontitis 
patients with IGT, 15 periodontally normal subjects with NIDDM, and 82 periodontitis 
patients with NIDDM. Streptococcus sanguis was the most prevalent microorganism, 
which was found in 75% of the sites. Sub gingival plaque samples examined by 
immunofluorescence which demonstrated a high prevalence of black-pigmented 
Bacteroides and suggested that the proportion of B. gingivalis but not B. intermedius is 
higher in NIDDM with Periodontitis than in other groups. Serological studies of B. 
gingivalis from patients with NIDDM indicate that these isolates comprise a serogroup 
distinct from those found in adult periodontitis patients without diabetes. Serum IgG 
antibody levels were significantly elevated in non-diabetic, IGT, and NIDDM patients 
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with periodontitis toward both B. gingivalis strains tested. Non diabetic periodontitis 
patients had significantly elevated levels of serum IgG toward B. intermedius strain 9336 
while periodontitis patients with IGT had significantly elevated antibody levels to B. 
intermedius strain 25261. Microbiological and immunological data from the present 
study suggests that B. intermedius, W. recta, and B. gingivalis are important in the 
etiology of periodontitis in adult patients with NIDDM. 
  Nelson RG et al.(1990)
27
 studied the prevalence and incidence of 
periodontal disease and its relationship with NIDDM among 2273 Pima Indians (949 
men, 1324 women) aged greater than or equal to 15 yrs from the Gila River Indian 
Community in Arizona were examined between 1983 and 1989. Periodontal disease was 
diagnosed by tooth loss and by percentage of interproximal crestal alveolar bone loss 
ascertained from panoramic radiography. The prevalence of periodontal disease in 
subjects with diabetes was 60% higher than non-diabetic 19%. Although periodontal 
disease was common in non-diabetic Pima Indians, in whom most of the incident cases 
occurred, diabetes clearly conferred a substantially increased risk. Thus, periodontal 
disease should be considered as a nonspecific complication of NIDDM. 
  Emrich LJ et al.(1991)
28
 analyzed  the relationship between DM and oral 
health status in 1,342 Pima Indians who were at least partially dentate. The prevalence 
and severity of destructive periodontal disease was determined by measuring probing 
attachment loss and radio graphically apparent interproximal crestal alveolar bone loss, 
two independent but correlated indicators of periodontal destruction. The study results 
showed Diabetic status was significantly and strongly related to both the prevalence and 
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severity of disease. Subjects with type 2 diabetes have an increased risk of destructive 
periodontitis with an odds ratio of 2.81 (95% confidence interval 1.91 to 4.13) when 
attachment loss is used to measure the disease. The odds ratio for diabetic subjects was 
3.43 (95% confidence interval 2.28 to 5.16) where bone loss was used to measure 
periodontal destruction. These findings demonstrate that diabetes increases the risk of 
developing destructive periodontal disease about threefold. Periodontitis should be 
considered a potential complication of diabetes during evaluation of patients. 
  Loe et al (1993)
7
 did an investigation in 2180 subjects of the Pima study 
population (15 yr old or older), who underwent clinical examinations, including a 
comprehensive oral and dental examination, in the years between 1983 and 1988. 
Incidence was computed for 746 subjects (295 men, 451 women) of which 50 individuals 
had type 2 diabetes, whereas the remaining 696 did not have diabetes. Periodontal disease 
was determined on the basis of the percentage of bone loss and on clinical findings of 
tooth loss, which is attributable to periodontal disease. The results of the investigation 
revealed that the prevalence of advanced periodontal disease was substantially three 
times higher among type 2 diabetic persons than in non-diabetic persons of the Pima 
Indian community. Loss of periodontal attachment and alveolar bone started early in the 
diabetic population. There was 15 times more tooth loss in diabetic patients than non-
diabetic persons. When adjusted for age and sex, it was clear that edentulousness 
increased significantly with the duration of the diabetic condition. 
   Morton AA
 
et al.(1995)
29
investigated the periodontal status in non-
insulin-dependent diabetics  in Port Louis, the capital of Mauritius, 24 patients with 
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non-insulin-dependent diabetes mellitus were matched by age with 24 controls. The 
groups were treated as independent for data analysis. Operator-blind scores were 
recorded for the presence of plaque, bleeding on probing, PD, recession and probing 
attachment level to assess the periodontal status. The result showed variations in plaque 
and age groups. There was a significant difference in probing attachment level between 
the groups (diabetic mean = 4.16 mm, control mean = 3.09 mm), these results 
concluded the findings of periodontal disease in 13% Mauritian non-insulin diabetic 
periodontal health.  
  Novaes AB Jr
 
et al.(1996)
30
 analyzed a periodontal disease progression in 
type 2 NIDDM patients .The subjects included were 30 diabetic in the study group and 
30 in the control group whose diabetes was not detected was evaluated. Age ranged 
from 30 to 77 years. The clinical parameters measured were, probing pocket depth and 
periodontal attachment loss and to determine the metabolic control of the patients, 
glycosylated hemoglobin and fasting glucose were measured. At the end of the study, 
the diabetic group was divided into three subgroups, according to the metabolic state of 
the patients as well controlled patients, moderately controlled patients, and poorly 
controlled patients. Comparing the diabetic and the control groups as a whole, there was 
no statistically significant difference in probing pocket depth, but significance (p< 0.01) 
was observed for attachment loss. When diabetic patients were divided into subgroups, 
significant differences were observed between the poorly controlled and the control 
groups (p < 0.01) for both the probing pocket depth and periodontal attachment.  
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  Taylor GW et al.(1998)
31
 to test the hypothesis that people with NIDDM 
have greater risk of more severe alveolar bone loss progression than do those without 
NIDDM over a 2-year period. Subjects were of at least half Pima ancestry, aged 15 years 
or older, and examined approximately every 2 years. The examination included a medical 
history, physical examination, and review of outpatient and inpatient medical care 
records. Data was derived from 362 subjects, aged 15 to 57, 338 of whom had less than 
25% radiographic bone loss at baseline, and who did not develop NIDDM nor lose any 
teeth during the 2-year study period. The other 24 subjects had NIDDM at baseline. 
Subjects selected were all those who had 20 or more teeth, lost no teeth during the study, 
and had less than 25% radiographic bone loss at baseline. Panoramic radiographs were 
used to assess interproximal bone loss for all teeth in the dentition. Bone scores (Scale 0-
4) from panoramic radiographs corresponded to bone loss of 0%, l%-24%, 25%-49%, 
50%-74%, or 75% and greater. Change in bone score category was computed as the 
change in worst bone score (WBS) reading after 2 years. Clinical examination of 
periodontal status was performed on the six index teeth or their substitutes as described 
by Ramfjord , PlI, GI, PD measures were made on six sites per tooth, and loss of clinical 
attachment (LCA) on four sites per tooth. NIDDM status, time to follow-up examination, 
and baseline WBS were explanatory variables in regression models for ordinal 
categorical response variables. NIDDM was positively associated with the probability of 
a change in bone score when the covariates were controlled. The cumulative odds ratio 
for NIDDM at each threshold of the ordered response was 4.23 (95% C.I. = 1.80, 9.92). 
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In addition to being associated with the incidence of alveolar bone loss with these results 
suggest an NIDDM-associated increased rate of alveolar bone loss progression. 
  Skrepcinski FB et al.(2000)
32
 did a study to provide information on the 
periodontal disease status of Native Americans using a variety of data sources. Four 
data sources were used to evaluate the periodontal disease status of Native Americans- 
IHS(Information Handling Service) periodontal disease monitoring system (1962-78), 
1984 IHS Patient Oral Health Survey, 1990 WHO (World Health Organization) 
community-based survey (ICS-II- International Collaborative study of Oral Health 
Outcomes), and the 1991 IHS Patient Oral Health Survey. The results of this study 
revealed that  the prevalence of overt periodontal disease (periodontal pockets > 5.5 
mm) is higher among Native American diabetic patients than  in non-diabetic patients 
(34% vs. 19%) and concluded type 2 diabetes accounts for significant increase in 
periodontal disease and tooth loss in Native American populations. 
  Sandberg GE et al. (2000)
33
 conducted a controlled cross-sectional study 
with the aim of studying oral health in patients with type 2 diabetes in a health care 
district in Sweden. 102 randomly sampled diabetic patients and 102 age - and gender-
matched non diabetic subjects from the same geographical area, treated at the same 
Public Dental Service clinics. Diabetes-related variables were extracted from their 
medical records. Oral examinations were measured clinically and through X-ray 
examinations. Diabetic patients suffered from xerostomia (dry mouth) to a significantly 
higher degree than non-diabetic controls did (53.5 vs. 28.4%; p=0.0003). Sites with 
advanced periodontitis were more frequent in the diabetic group (p=0.006) as were 
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initial caries lesions (p =0.02). Diabetic subjects showed a greater need of periodontal 
treatment (p=0.05), caries prevention (p =0.002) and prosthetic corrections (p=0.004). 
The conclusion is that individuals with type 2 diabetes in some oral conditions exhibited 
poorer health. Close collaboration between the patient, the primary health care and oral 
health professionals could be a way of improving the diabetic patient’s general and oral 
health.  
  Yuan K et al.(2001)
34
compared the putative periodontal pathogens in 
NIDDM and non diabetes mellitus by polymerase chain reaction  and the detection rates 
of 5 putative periodontal pathogens: Actinobacillus actinomycetemcomitans, 
Porphyromonas gingivalis, Eikenella corrodens, Treponema denticola, and Candida 
albicans by polymerase chain reaction (PCR) between NIDDM and non-DM adults were 
compared. As it has been assumed that there is a relationship between periodontal 
diseases and diabetes mellitus, however the putative periodontal microorganisms in non 
DM (non-DM) individuals and NIDDM patients have not been well studied. A total of 
246 adults were randomly recruited and periodontal parameters including PlI, GI, PD  
and attachment level (AL) were recorded. Sub gingival plaque samples were collected by 
sterile curettes from the most diseased and healthy sites based on PD and AL. The 
differences in periodontal parameters and microbiological data in healthy and diseased 
sites between non DM and NIDDM patients were compared by chi-square analysis. The 
results showed no significant differences in age, gender, GI, P1I, PD, and prevalence of 
the 5 microorganisms between the NIDDM and the non-diabetic groups. However, 
except for A. actinomycetemcomitans, the prevalence of the periodontal microorganisms 
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tested was significantly higher (p<0.001) in diseased sites than in the healthy sites in both 
groups. The P1I, GI, PD and AL were significantly higher in T. denticola positive sites 
than in the negative sites. The results suggested that P. gingivalis, T. denticola, E. 
corrodens and C. albicans may play important roles in the periodontitis of both NIDDM 
and non-DM individuals, however the etiology of periodontitis in both groups may not be 
different from each other. 
  Tsai C et al.(2002)
35
 investigated the association between glycaemic 
control of  type 2 DM and severe periodontal disease in the US adult population aged 45 
years and older. Data on 4343 persons whose age was between 45-90 years from the 
National Health and Nutrition Examination Study III were analyzed using weighted 
multivariable logistic regression. Severe periodontal disease was defined as 2 + sites with 
6 + mm loss of attachment and at least one site with probing pocket depth of 5 + mm. 
Individuals with fasting plasma glucose > 126 mg/dl were classified as having diabetes; 
those with poorly controlled diabetes (PCDM) had glycosylated hemoglobin > 9% and 
those with better-controlled diabetes (BCDM) had glycosylated hemoglobin < or= 9%. 
Additional variables that were evaluated in multivariable modeling included age, 
ethnicity, education, gender, smoking status, and other factors derived from the interview, 
medical and dental examination, and laboratory assays. Individuals with PCDM had a 
significantly higher prevalence of severe periodontitis than those without diabetes (odds 
ratio = 2.90; 95% CI: 1.40, 6.03), after controlling for age, education, smoking status, and 
calculus. For the PCDM subjects, there was a tendency for a higher prevalence of severe 
periodontitis (odds ratio = 1.56; 95% CI: 0.90, 2.68).These results provide population-
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based evidence to support an association between poorly controlled type 2 diabetes 
mellitus and severe periodontitis in the US adult population.   
 Karikosk A et al. (2003)
36
conducted a study using Community Periodontal Index 
of Treatment Needs (CPITN) index to assess changes in periodontal treatment needs 
among patients with diabetes and the risk factors involved in this phenomenon. The 
sample consisted of 120 dentate subjects, regular patients at the Salo Regional 
Hospital Diabetes Clinic. These subjects underwent for periodontal examination in 1999 
and were re-examined in 2001. 4% patients dropped out for some other reason. 
Clinical periodontal examination included presence of plaque, the presence of calculus, 
and use of the CPITN Index. Diabetes-related factors consisted of information about 
duration of diabetes, complications, and HbA1c values. Oral health-related factors were 
collected by questionnaire. The CPITN Index proved to be insensitive to change. 
Pathological pockets (CPITN 3 or 4) were found in 80% of subjects (n = 115) and 48% of 
sextants (n = 627); in 1999, the corresponding rates were 77% and 49%. The tooth-based 
individual CPITN Index (code 3 or 4) revealed periodontal deterioration in 38 patients. 
This study revealed that data severity of periodontal disease in diabetic patient is higher.  
  Saito T et al.(2004)37 did a community-based study and examined the 
relationship between periodontitis and glucose tolerance status, including changes in the  
status. The relationship between periodontal condition and the results of a 75-g oral 
glucose tolerance test was examined in 961 adults in 1998. Deep pockets (mean pocket 
depth > 2.0 mm) were significantly associated with impaired glucose tolerance and with 
diabetes as compared with shallow pockets (< 1.3 mm). In the subgroup with normal 
REVIEW OF LITERATURE 
 
  28 
 
glucose tolerance 10 years previously, subjects who subsequently developed impaired 
glucose tolerance were significantly more likely to have deep pockets. Deep pockets were 
closely related to current glucose tolerance status and the development of glucose 
intolerance. Inflammation is hypothesized to play a significant role in the development of 
type 2 diabetes. However, reports on clinical inflammatory conditions are limited.  
  Kuroe AA et al.(2004)
38
 did a study to investigate the relationship 
between periodontal bacterial infection C-reactive protein (CRP) and albuminuria in non-
obese Japanese type 2 diabetic patients. 134 non-obese Japanese type 2 diabetic patients 
without evidence of current acute illness including clinically significant acute infectious 
disease were enrolled in the study. The degree of periodontal bacterial infection was 
evaluated using IgG titer against Porphyromonas gingivalis, Actinobacillus 
actinomycetemcomitans, or Prevotella intermedius. The bacterial sonic extracts were 
used as antigens. High-sensitivity CRP (hCRP), glucose, glycosylated hemoglobin 
(HbA1c), and lipids were also measured after an overnight fast. Urinary albumin excretion 
rate as a ratio of urinary albumin and urinary creatinin was assessed in a morning spot 
urine sample using a commercial enzymatic immunoassay. The prevalence 
of Porphyromonas gingivalis infection was 52.2 % and that of Actinobacillus 
actinomycetemcomitans and Prevotella intermedius was 7.5 and 14.2 %, respectively. 
IgG titer against Porphyromonas gingivalis significantly correlated with CRP (r = 0.225, 
p < 0.001) and albuminuria (r = 0.185,p<0.05),while IgG titer against Actinobacillus 
actinomycetemcomitans or Prevotella intermedius was not associated with either of the  
parameters. These results suggest that among periodontal bacteria, Porphyromonas 
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gingivalis infection is associated with atherosclerosis in non-obese Japanese type 2 
diabetic patients.  
  Lu HK et al.(2004)
39
 assessed the  periodontal condition of 72 NIDDM 
patients was compared with that of 92 non-diabetic individuals. PlI, Calculus Index (CI), 
GI, and AL were measured on four surfaces of six teeth in each subject. All four 
parameters were significantly higher in the diabetic group. No significant difference in 
the frequency of tooth brushing was found between the groups. For all age groups, GI 
and AL were higher in the diabetic group. In each group, GI was not changed with age, 
while AL increased with age. Classification of the groups based on PII showed that the 
diabetic group's GI was higher than the non diabetic group for low, medium, or high PII 
values. The diabetic group showed higher AL for only the medium and high PII groups. 
Classification by CI revealed that the diabetic group's GI and AL were significantly 
higher than those of the non diabetic group for subjects with low, medium, or high values 
of CI. Multiple regression analysis revealed that the main factor affecting GI was the 
presence or absence of diabetes. PII and CI both showed a significant relationship with 
GI; age was the second most significant factor. The most significant factors influencing 
AL were CI and the presence or absence of diabetes, age was the second most significant 
factor. Patients who had had diabetes for more than 10 years had a higher AL than those 
who had suffered from diabetes for less than 10 years. Patients with average HbA1c 
values > or = 10% had more serious mean GI values than those with HbA1c values < 
10%. In patients with diabetes, age, plaque accumulation, and calculus formation have 
more detrimental effects on the periodontal apparatus than in healthy individuals. 
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  Campus G et al.(2005)
9
 designed a case-control study to evaluate the 
possible association between non-insulin-dependent diabetes (T2DM) and clinical and 
microbiological periodontal disease among adult Sardinians in a total of 212 individuals 
( 71- T2DM patients aged 61.0 +/- 11.0 years and 141 non-diabetic controls in good 
general health aged 59.1 +/- 9.2 years). All subjects were given a clinical periodontal 
examination for PD, attachment level, presence of calculus, bleeding on probing, and 
assessment of plaque. Sub gingival plaque samples were obtained, and P. gingivalis, P. 
intermedia, and T. forsythensis were identified using multiplex polymerase chain 
reaction. T2DM patients showed a significantly lower number of teeth present (p = 
0.002); a significant increase in number of PDs >4 mm, and percent of pocket depths >4 
mm (p = 0.04 and p = 0.05, respectively); periodontitis (p = 0.046); bleeding on probing 
(p = 0.02); and PlI (p = 0.01). A significant association with diabetes was detected for 
plaque (X
2
= 4.46; p<0.05) and bleeding on probing (X2= 3.60; p <0.05).Concerning 
the prevalence of bacteria, a positive association was detected with prevalence of P. 
gingivalis and T. forsythesis. The study postulated that patients with T2DM 
undoubtedly had a higher susceptibility for severe periodontal disease.  
   Mansour AA et al.(2005)
40
determined the prevalence of periodontal 
disease in patients with type 2 diabetes mellitus and assessed their severity in a single 
center in Basrah, Iraq. The study was a cross-sectional, case-control study including a 
total of 1593 patients (633 type 2 diabetic patients and 960 non diabetics as controls). 
Patients aged 40 years and older and with ≥ 6 remaining teeth were studied. The 
periodontal examination was carried out in 2 randomly selected quadrants, one 
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maxillary and one mandibular. All fully erupted teeth in these 2 quadrants were 
assessed, excluding the third molars. A maximum of 14 teeth per individual were 
examined for periodontal parameters. Advanced periodontitis included persons who 
have 2 or more teeth (or ≥ 30% of the examined teeth) with ≥ 5 mm PD, or 4 or more 
teeth (or ≥ 60% of the teeth) with ≥ 4 mm PD. Moderate periodontitis included persons 
without advanced periodontitis who have 1 or more teeth with ≥ 5 mm PD, or 2 or more 
teeth (or ≥ 30% of the teeth) with ≥ 4 mm PD. Mild periodontitis included persons 
without moderate or advanced periodontitis who have 1 or more teeth with ≥ 3 mm 
PD. The statistical analysis showed that oral hygiene was very poor, only 2.5% of the 
included patients were brushing at least 2 times a day. With pocket depth as a marker of 
severity of periodontal disease in this study, only moderate disease was more common 
among the diabetics than the controls. The study determined the prevalence of 
periodontal disease in type 2 diabetic patients was 95.9%.and Moderate disease was 
significantly more common. 
.  Jansson H et al.(2006)
41
analyzed the association between medical 
characteristics and severe periodontal disease and dental care habits and knowledge of 
oral health in a group of 191  subjects with type 2 diabetes (T2D). Based on the 
assessment of marginal bone height in panoramic radiographs, two periodontal 
subgroups were identified- one periodontally diseased (PD1) and one periodontally 
healthy (PD) group.  All patients were subjected to a questionnaire about their medical 
and oral health. The results revealed that 20% of the subjects classified as PD1, had 
higher hemoglobin A1c (HbA1c) levels (p=0.033) and higher prevalence of 
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cardiovascular complications (p=0.012, which was verified by clinical parameters. They 
were also less likely to be of Scandinavian origin (p =0.028) and more likely to smoke 
(p<0.001) than the PD - group. The PD1 group rated their oral health as poor 
(p<0.0001) and believed that T2D had an influence on their oral status (p<0.0001).All 
over  in this study the best predictor for severe periodontal disease in subjects with T2D  
was found to be smoking followed by HbA1c levels. T2D subjects should be  made 
aware about the increased risk for periodontal disease.  
  Mattout C et al.(2006)
42
 investigated the periodontal heath of noninsulin-
dependent diabetic adults and compared it with that of a general population of non-
diabetic patients in France, 2144 adults (age: 35-65 years) were examined for life habits 
(tobacco, alcohol), subjects with diagnosis of  type 2 diabetes, arterial hypertension, 
biometry (weight, size) and biochemistry. Dental and periodontal data included PlI, GI, 
PD, and CAL. He analyzed descriptive and multifactorial analysis evidenced a more 
severe periodontal disease in diabetic patients. Moreover, when the PlI was held 
constant, the GI was more elevated in diabetics. In non diabetics, age, gender, glycemia, 
alcohol, and tobacco smoking were identified as significant risk factors for periodontal 
disease. In contrast, in diabetic subjects, only tobacco smoking was a significant risk 
factor. In type 2 diabetics, the diabetes factor is probably more significant 
than periodontal risk factors, age and gender.  
  Hernandez-Laguna E et al.(2005)
43
 did a cross sectional study to 
determine the frequency of dental caries and periodontal disease in type 2 diabetic 
patients. 100 diabetics with an average age of 49 +/- 8 years were interviewed. The 
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proportion between women and men was of 1.9:1; 85% of the interviewed people were a 
couple; 56% were housewives and 74% belonged to a low socioeconomic level. The rates 
of dental caries, periodontal disease (Russell's) and oral hygiene were applied through 
oral examination. Statistical univaried and bivaried analysis was made. The average of 
metabolic control was of 182 +/- 102; 31% of the diabetics had three years or more of 
evolution of the disease; 99% brushed their teeth daily, but only 31% did it three times a 
day; in 85 % the brushing technique was inadequate. The rate of oral hygiene was 3.2 +/- 
1; of dental caries was 0.52 +/- .13, and of Russell's periodontal disease was 2.77 +/- 1.1. 
Gender made no difference at all in the rates. Finally concluded that rate of Russell's 
periodontal disease was greater in type 2 diabetic patients which shows that education in 
dental hygiene must be redefined. 
  Takeda M et al.(2006)
44
 studied the biomarkers examined other than type 
II fimA (Porphyromonas gingivalis) gene biomarkers which is an infectious factor 
closely associated with the deterioration seen in diabetic periodontitis patients. A total of 
97 type 2 diabetes patients with and without periodontitis were recruited, and their 
periodontal and diabetic conditions were analyzed. The ratio (%) of teeth with an 
attachment loss >5mm among all teeth in each subject was used as an index of 
periodontal deterioration. Peripheral blood was tested for levels of (HbA1c), advanced 
glycation end products (AGE), CRP, and cytokines tumor necrosis factor [TNF]-alpha 
and interleukin [IL]-1beta). Subgingival plaque samples were also examined for the 
occurrences of Actinobacillus actinomycetemcomitans, Tannerella forsythensis, 
Treponema denticola, and Prevotella intermedia. The result was serum AGEs were 
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significantly associated with deterioration of periodontitis, whereas no other serum 
biochemical marker or bacterial occurrence showed a clear relationship with that 
condition. He concluded AGEs may be factors associated with diabetic periodontitis and 
may be useful as biomarkers that reflect such deterioration.  
  Leong P et al.(2007)
45
compared the periodontal disease levels in a 
population of low socioeconomic status (SES), urban, adult, Chinese American 
immigrants with and without type 2 diabetes. Dental records of 51 diabetic adults were 
compared with 102 non diabetic controls from South Cove Community Health Center, 
Boston, MA, cross-matched by age and gender. The study results showed that the 
proportion of sites with bone loss greater than 5 mm in the mesial areas of teeth was 
significantly correlated with higher HbA1c (r=0.35, p value=0.01). The number of teeth 
with mesial bone loss of greater than 5 mm was correlated with increasing HbA1c (r = 
0.37, p-value = 0.01). The preliminary data showed that mesial bone loss greater than 5 
mm was correlated with inadequate control of diabetes.  
  Lim LP et al.(2007)
46
did a study to investigate the relationship between 
markers of metabolic control and inflammation and periodontal disease parameters in 
patients with diabetes. 181 adult patients with diabetes attending treatment at two 
diabetes centers were invited to participate in the study. Periodontal examination included 
full-mouth assessment for PDs and bleeding on probing (BOP). Blood analyses were 
carried out for HbA1c, high-sensitivity C reactive protein, (hsCRP) and lipid profile 
comprising total cholesterol, low-density lipoprotein cholesterol (LDL chol), high-density 
lipoprotein cholesterol (HDL chol) and triglycerides. Upon multivariate 
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analysis, periodontal disease severity in terms of increased percentage of BOP and mean 
percentage of sites with PDs > or = 5 mm were found to be associated with inadequate 
glycaemic control as measured by HbA1c (p<0.01). HsCRP was also found to be a 
significant predictor for mean percentage of sites with PDs > or = 5 mm (p<0.05). After 
controlling the age, gender, smoking habits and number of teeth, positive correlations 
were found between HbA1c and percentage sites with PDs > or = 5 mm, percentage sites 
BOP, total cholesterol, LDL chol and triglycerides (p<0.05). Using the adjusted 
differences, subjects with acceptable glycaemic control (HbA1c < 8%) showed a lower 
percentage of sites with BOP and PDs > or = 5 mm (p<0.05) when compared with those 
having inadequate glycaemic control. There was also a trend towards lower blood 
cholesterol in the well-controlled group. The level of glycaemic control as measured by 
HbA1c emerged as the most consistent risk factor associated with the extent and severity 
of periodontal disease in this study cohort.  
  Fawad Javed et al.(2007)
47
was to compare the periodontal conditions and 
SES between subjects with T2D and non-diabetic controls. Total of 75 (31 males and 44 
females) individuals with T2D (62 poorly controlled and 13 well-controlled) and 99 non-
diabetic patients (healthy controls; 51 males and 48 females) participated in the study. 
PlI, BOP, and PD were investigated. Random blood glucose levels were recorded. 
Premolar and molar marginal bone loss (MBL) was measured digitally on scanned 
orthopantomograms. Individuals with poorly controlled T2D had increased MBL in 
molars and maxillary premolars (p<0.05) compared to individuals with well-controlled 
T2D. PlI, BOP, and PD of 4 to <6mm were increased in individuals with poorly 
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controlled T2D compared to those with well-controlled T2D (p <0.001). There was no 
difference between the diabetic groups when PD was ±6mm individuals with poorly 
controlled T2D had a lower SES compared to patients with well-controlled T2D (p 
<0.05). Illiteracy and the number of missing teeth were not different between the groups. 
Radiologic and clinical indicators of periodontal destruction were increased in individuals 
with poorly controlled T2D. Low SES aggravated the periodontal condition in individuals 
with T2D.  
  Novak MJ et al.(2008)
48
 described the clinical characteristics of 
periodontal disease in Hispanic American subjects and the impact of type 2 diabetes on 
these parameters in this population.63 Hispanic Americans, aged 33 to 72 years, from 
South Texas were grouped based on the presence or absence of type 2 diabetes. Past 
medical histories, including smoking, were obtained. Periodontal status was evaluated by 
measuring PD, CAL, plaque, bleeding on probing, visual gingival inflammation, and 
calculus. The results showed type 2 diabetes was associated frequently with major 
medical complications in this population. Diabetes was associated with significantly more 
calculus formation and tooth loss and an increased extent and severity of periodontitis. 
Subjects with diabetes had nearly three times the mean CAL and frequency of PD >6 mm 
than subjects without diabetes and nearly twice the frequency of moderate to advanced 
attachment loss (±3 mm). Smoking and diabetes had significant independent effects on 
mean CAL and the frequency of deep pockets. Combined diabetes and smoking were 
associated with a significantly higher frequency of sites with CAL ±3 mm compared to 
healthy non-smokers, healthy smokers, and nonsmokers with diabetes. The author 
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concluded that Hispanic Americans with type 2 diabetes had more supra- and sub 
gingival calculus, an increased extent and severity of periodontal destruction, and an 
increased frequency of tooth loss due to periodontitis. An additive/synergistic 
contribution of type 2 diabetes and smoking for increasing the extent of periodontal 
disease was observed. 
  Khader YS et al.(2008)
49
conducted a study to assess the periodontal 
status of 106 type 2 diabetic patients and compared it with that of 106 age-matched non 
diabetics. Patients older than 20 years with type 2 diabetes mellitus were recruited from 
the outpatient internal medicine clinics at the 2 main hospitals in Irbid Governorate, 
Jordan. Periodontal disease was more severe in type 2 diabetic patients than in non-
diabetics, as indicated by significantly higher  mean GI, periodontal pocket depth, clinical 
attachment level and tooth mobility. There was no significant difference in the mean PlI 
between diabetics and non-diabetics. The severity of periodontal disease was 
significantly higher in patients with diabetes > 5 years than those with duration ≤ 5 years. 
  Leung WK et al.(2008)
50 
assessed the relationships between 
demographic, health behavior and DM parameters and periodontal status among a group 
of nonsmoking, low-income, middle-aged to elderly medically treated Hong Kong 
Chinese subjects with type 2 DM.193 Chinese, dentate, type 2 DM patients (56.5 +/- 9.0 
years; recorded DM duration 7.0 +/- 5.2 years) attending a charity hospital specialist 
clinic were surveyed. Subject demography, periodontal status, Body Mass Index (BMI), 
DM control, serum TNF-alpha level and general health behavior (GHB) were recorded. 
The results showed Periodontitis was prevalent (80.3% of subjects with probing pocket 
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depth > or = 5 mm and 65.8% subjects with full-mouth mean probing attachment level > 
3.0 mm). Mean HbA1c, fasting plasma glucose and BMI were 7.6 +/- 1.6%, 8.2 +/- 2.9 
mmol/L and 25.4 +/- 3.7 kg/m
2
 respectively. Serum TNF-alpha level was similar to the 
reported Chinese population norm. Full-mouth mean clinical attachment level was 
associated with DM duration while full-mouth mean probing pocket depth was associated 
with GHB (p< 0.05). The GI, was greater in men, and associated with higher HbA1c% 
and lower education attainment (p< 0.03).In this group of non-smoking, predominantly 
low-education background, overweight, Chinese subjects with fairly well-controlled type 
2 DM, periodontal attachment loss and periodontal disease appeared to be associated with 
DM duration and health behavior. Health care providers should consider paying more 
attention to improving the GHB of their type 2 DM patients with long DM duration. DM 
subjects with a low educational background, having higher HbA1c% and males are more 
likely to experience gingival inflammation.  
  Ebersole JL et al.(2008)
51
 conducted a cross-sectional study to define the 
microbiological ,immunological characteristics of periodontitis in a Hispanic American 
population with type 2 diabetes and to relate the clinical parameters of periodontal 
destruction in this high-risk population to specific periodontal microorganisms and the 
associated systemic host response. 63 subjects for this were recruited from the general 
medical diabetic primary care clinic population at the Brady Green Clinic of the 
University of Texas Health Science Center at San Antonio. Plaque and serum samples 
were obtained from 63 Hispanic American subjects with and without type 2 diabetes. The 
microbiology of sub gingival plaque samples was evaluated using DNA checkerboard 
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hybridization, and serum antibody to a battery of oral microorganisms was determined 
using an Enzyme linked immunosorbent assay. The results showed the similar pathogens 
were present in periodontitis sites from subjects with and without type 2 diabetes 
although, the periodontitis sites in diabetes showed a higher frequency of Porphyromonas 
gingivalis, Aggregatibacter actinomycetemcomitans and Campylobacter spp. Serum 
antibody to Campylobacter rectus was elevated in type 2 diabetes, whereas antibody to P. 
gingivalis and C. rectus were elevated in subjects with periodontitis, irrespective of 
diabetes status. Stratification of the population based upon antibody to P. gingivalis or C. 
rectus suggested a linkage between elevated antibody to P. gingivalis, increased 
frequency of diabetes, and significantly worse periodontitis. The increased severity of 
periodontal disease with type 2 diabetes may reflect an alteration of the pathogenic 
potential of periodontal bacteria and/or a modification of the characteristics of the host’s 
inflammatory response that may contribute to a breakdown in the homeostasis of the 
periodontium. 
  Fernandes JK et al (2009)
52
 conducted a study to determine the 
prevalence of periodontal disease and its association with diabetes control in the Gullah 
population with T2D. 235 Gullah African Americans with type 2 diabetes were included. 
Diabetes control was assessed by percentage of HbA1c and divided into three categories 
such as well controlled, <7%; moderately controlled, 7% to 8.5%; and poorly controlled, 
>8.5%. Participants were categorized as healthy (no clinical AL or bleeding on probing) 
or as having early periodontitis (clinical AL ±1mmin at least two teeth),moderate 
periodontitis(three sites with clinical AL ±4 mm and at least two sites with PD [PD] 3 
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±mm), or severe periodontitis (clinical AL ±6mmin at least two teeth and PD±5mm in at 
least one site). The mean number of missing teeth  in comparison, the mean total missing 
teeth due to caries or periodontal disease in 235 Gullah subjects with diabetes was 
significantly higher (p<0.01):8.3-0.42 (range,0 to 25).Observed prevalence's of 
periodontitis were compared to rates reported for the National Health and Nutrition 
Examination Survey (NHANES) studies. All subjects had evidence of periodontal disease 
70.6% had moderate periodontitis and 28.5% had severe disease. Diabetes control was 
not associated with periodontal disease. The periodontal disease proportions were 
significantly higher than the reported national prevalence of 10.6% among African 
Americans without diabetes. Gullah African Americans with type 2 diabetes exhibited a 
higher prevalence of periodontal disease compared to African Americans, with and 
without diabetes, as reported in NHANES III and NHANES 1999-2000. 
  Nesse W et al.(2009)
53
 assessed a dose-response relationship between 
the periodontal inflamed surface area (PISA), as a measure of the amount of 
inflamed periodontal tissue, and HbA1c levels in type 2 diabetics. 40 consecutive dentate 
type 2 diabetics attending their general practitioner for regular check-up, underwent full-
mouth probing pocket depth and bleeding on probing assessment. From these data PISA 
was calculated. HbA1c levels were retrieved from the patients' medical files. The dose-
response relationship between PISA and HbA1c levels was assessed using multiple linear 
regression analyses, controlling for factors that might influence PISA or HbA1c levels. 
The result showed that higher the PISA of type 2 diabetics, higher their HbA1c levels 
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were. On a group level, an increase of PISA with 333 mm was associated with a 1.0 
percentage point increase of HbA1c, independent of the influence of other factors. 
  Susanto H et al.(2011)
54
compared the prevalence and severity of 
periodontitis in patients with DM2 to healthy controls, using different methods to 
operationalize periodontitis. 78 subjects with DM2 and 65 healthy control subjects 
underwent a full-mouth periodontal screening assessing PD, gingival recession, PlI, and 
bleeding on probing. Differences in the prevalence and severity of periodontitis between 
subjects with DM2 and healthy subjects were analyzed using univariate analyses. In 
regression analyses, the prevalence and severity of periodontitis were predicted on the 
basis of DM2 presence, controlling for confounders and effect modification. The result 
showed prevalence of periodontitis was significantly higher in subjects with DM2 
compared to healthy subjects, showing odds ratios of 5.0 and 6.1. Likewise, periodontitis 
severity was significantly higher in subjects with DM2. Indonesian subjects with DM2 
had more prevalence and more severe periodontitis than healthy Indonesian subjects, 
independent of confounding factors or the methods used to operationalize periodontitis.  
  Serrano C et al.(2012)
55
 conducted a study to measure the occurrence of 
severe chronic periodontitis in a group of Colombian type 2 diabetes patients.  A 
randomized half-mouth examination was performed, including PlI, bleeding on probing, 
pocket depth and clinical attachment level. They were compared to a group of individuals 
without diabetes, based on different criteria; the first was the presence of > or = 2 
interproximal sites with CAL > or = 6 mm, and > or = 1 interproximal sites with PD > or 
= 5 mm; the second was presence of > or = 50% percentage of bleeding on probing, and 
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> or = 20% sites showing PD > or = 4 mm. The effect of metabolic control was analyzed. 
Results were tested through Chi-square, Mann-Whitney, Kruskal-Wallis and Pearson 
correlation tests. Seventy-two subjects of a similar age with type 2 diabetes were 
compared to 39 subjects without diabetes. Diabetic subjects had a fair degree of 
metabolic control, HbA1c 7.94% (1.60). Occurrence of severe chronic periodontitis was 
similar for both groups when using diagnostic criteria based on CAL levels, 22.22%, but 
was greater for subjects with diabetes when using criteria based 
on periodontal inflammation, 23.07% versus 5.12%. Degree of metabolic control had a 
relation to periodontal parameters. Colombian type 2 diabetes subjects demonstrated 
poorer periodontal conditions than non-diabetic individuals.  
  Santos VR et al.(2012)
56
evaluated the relationship between glycemic 
subsets and clinical periodontal condition in type 2 diabetic Brazilian subjects with 
generalized chronic periodontitis, to verify dose–response relationship between the 
severity and extension of periodontitis and the glycemic control in this population. 91 
subjects (age range, 40-67 years) diagnosed with type 2 DM and generalized chronic 
periodontitis from the population were referred to the Periodontal Clinic of Guarulhos 
University (Brazil) from July 2007 until February 2010. The clinical examination 
included full-mouth assessment of PI, BOP, PD, SUP, CAL and number of remaining 
teeth. Blood analyses were carried out for HbA1c and fasting plasma glucose (FPG). In 
addition, clinical parameters were compared amongst four (HbA1c levels 7.5%, 7.6–9%, 
9.1–11% and >11%) and two (<9% and ≥9%) glycemic subsets. The frequency of 
uncontrolled diabetic subjects (HbA1c > 7.5%) was higher than well-controlled subjects 
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(HbA1c ≤7.5%). The results showed PI was positively correlated with the levels of 
HbA1c and FPG (p < 0.05). The number of remaining teeth was negatively associated 
with the levels of HbA1c (p < 0.05). In addition, PI was significantly higher in subjects 
presenting HbA1c levels >11% and ≥9% than those with HbA1c levels 7.5% and <9%, 
respectively (p < 0.05). Although an increased frequency of the subjects with generalized 
chronic periodontitis included presented type 2 uncontrolled DM, a dose-response 
relationship between the severity and extension of periodontitis and the glycemic control 
was not established in these subjects.   
  Li C et al.(2013)
57
did an epidemiologic investigation to  compare the 
periodontal status, demographic features, and specific characteristics of the sub gingival 
microbiota in Chinese patients with Chronic periodontitis (CP), either with or without 
T2DM. This epidemiologic investigation took place from June 2009 to January 2010 and 
includes 3,173 participants from four urban and four rural areas in northeast China.  
Among the 3,173 individuals included in this study, 2,492 (78.54%) had CP and 289 
(9.1%) had T2DM. Of the 289 patients with T2DM, this study consists of two groups 150 
patients (73 males and 77 females, aged 51.9 - 9.9 years) with CP and T2DM (T2DMCP 
group), and the CP group, consisting of 306 patients (166 males and 140 females, aged 
52.2 - 9.6 years) with CP and without T2DM. All participants were given a professional 
oral examination to determine PD, clinical AL, the simplified oral hygiene index (OHI-
S),and the sulcus bleeding index (SBI) from  all teeth (excluding third molars). Each 
individual’s height and weight were measured, and the BMI was calculated. Sub gingival 
plaque collection and evaluation of the prevalence of oral bacterial species by PCR was 
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compared with the patients with CP, the patients with T2DMCP were more likely to be 
urban residents and generally had higher incomes, higher mean BMI, and poorer 
periodontal health status. Higher levels of T. denticola and T. forsythia and lower levels 
of P. intermedia were identified in the sub gingival plaque of the patients with T2DM 
chronic periodontitis. 
  Monea A et al.(2014)
58
investigated oxidative stress (OS) and histological 
changes that occur in the periodontium of subjects with type 2 diabetes mellitus. Tissue 
samples from ten adult patients with type 2 diabetes mellitus (T2D) and eight healthy 
adults were harvested. The specimens were examined by microscope using standard 
hematoxylin-eosin stain, at various magnifications, and investigated for tissue levels of 
malondialdehyde (MDA) and glutathione (GSH). The results showed that a periodontal 
tissue in patients with T2D presents significant inflammation, affecting both epithelial 
and connective tissues. Mean MDA tissue levels were 3.578 ± 0.60 SD in diabetics 
versus 0.406 ± 0.27 SD in controls (p < 0.0001), while mean GSH tissue levels were 
2.48 ± 1.02 SD in diabetics versus 9.7875 ± 2.42 SD in controls (p < 0.0001). Diabetic 
subjects had higher MDA levels in their periodontal tissues, suggesting an increased 
lipid per oxidation in T2D, and decreased GSH tissue levels, suggesting an alteration of 
the local antioxidant defense mechanism. These results are in concordance with the 
histological changes found in periodontal tissues of diabetic subjects, confirming the 
hypothesis of OS implication, as a correlation between periodontal disease incidence 
and T2D. 
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  Garcia D et al.(2015)
59
did a study to examine the association between 
periodontitis, DM, and glycemic control in adults living in the United States. This study 
expands the literature and addresses the gap in knowledge related to periodontitis and 
glycemic control in DM by using enhanced periodontitis surveillance data from the 
National Health and Nutrition Examination Survey (NHANES) 2009 to 2012 that used 
a full-mouth periodontal examination (FMPE) protocol to obtain population-based 
periodontitis prevalence estimates. The study population included 7,042 adults (3,506 
males and 3,536 females, aged 30 to 80 years; mean age: 52 years) who completed a 
periodontal examination based on the FMPE protocol. Self-reported DM status was 
defined as yes or no. Glycemic control was assessed using glycohemoglobin data at 
cutoff points of 7.0%, 7.5%, 8.0%, 8.5%, and 9.0%. Descriptive statistics and logistic 
regression analyses were performed, and all analyses were adjusted for the survey 
design. Overall, 7,042 adults ±30 years old with complete data were included in the 
study. The mean glycohemoglobin levels for individuals with and without periodontitis 
were 5.9% and 5.6%, respectively, which increased to 7.4% and 7.0% for participants 
with DM. The majority of participants with and without periodontitis were aged 
between 50 to 64 years and 35 to 49 years (37.4% versus 44.5%), respectively. In the 
bivaried analysis, several demographic factors were significantly associated with having 
periodontitis, including self-reported DM status and glycemic control. In the 
multivariate analysis, demographic factors, glycohemoglobin cutoff values of 8.0%, 
8.5%, and 9.0%, and mean glycohemoglobin level remained significant, but self-
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reported DM status was not. The glycohemoglobin and demographic factors are 
significantly associated with periodontitis, but not self-reported status. 
  Abdel fattah AH et al.(2015)
60
conducted a study to evaluate and compare 
the severity of periodontal disease among DM type 2 patients in Saudi Arabia.  100 
uncontrolled diabetic patients, who had periodontal disease and were aged between 30-
65 years, were selected according to the Annual Classification of Periodontal Disease, 
1999. All subjects were examined for periodontal parameters. All the patients had no 
other medical problems. They were divided into four groups. The first two groups had 
good oral hygiene, the third group had acceptable oral hygiene, but the fourth group had 
poor oral hygiene. Every group was compared, regarding the way of treatment except 
the anti-biotic intake, with 5 patients having the same severity of gingival and 
periodontal affection, but medically free from DM. Group I: Consisted of 13 patients 
with chronic gingivitis, with good oral hygiene. Group II: consisted of 15 patients with 
mild chronic periodontitis, with good oral hygiene. Group III: consisted of 30 patients 
with moderate chronic periodontitis, with acceptable oral hygiene. Group IV consisted 
of 42 patients with severe chronic periodontitis, with poor oral hygiene. All the subjects 
were subjected to clinical assessment which included PI, GI, PD and CAL. The result 
revealed that a significant increase in PI and CAL was observed in gingivitis and this 
increase progressed towards the various levels of periodontitis. However, the difference 
in PI scores between gingivitis, mild and severe periodontitis is not significant as 
compared to the difference in the PI scores of moderate chronic periodontitis. 
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  Costa KL et al (2017)
61
did a retrospective cohort study to evaluate the 
influence of periodontal status on changes of HbA1c levels of type 2 diabetics. 80 
patients (56.0±8.9 years-old) with type 2 diabetes were included. Patients were non-
smokers, 40 years or older, and were under use of anti-diabetic drugs. Demographics, 
health history and HbA1c levels were retrieved from medical charts. PD and AL were 
recorded. The patients were examined at two time points within a mean interval of 
38.6±6.6 months. Increase in HbA1c over time was statistically significant after 
adjusting for baseline HbA1c, significant changes were still observed for severe 
periodontitis and progression of clinical attachment loss with increase of 0.85% and 
0.9%, respectively. After adjusting for gender and HbA1c, AL progression was also 
statistically significant; with increase of 0.84%.The periodontitis progression was 
associated with increase in HbA1c in type 2 diabetics. The identification of this risk 
factor suggests that periodontal treatment may improve glycemic control of type 2 
diabetic patients by eliminating periodontal infection. 
MATERIALS AND METHODS 
 
  48 
 
  The study included 500 subjects aged 35-75 years. They were divided into 
two groups. Study group consisted of 400 diabetic subjects visiting the Department of 
Diabetology, Sri Ramakrishna Hospital, Coimbatore. This being a multispecialty Center, 
a representative section of the society comprising of all the ethnic and cultural groups. 
The control group consisted of 100 non-diabetic patients randomly drawn from patients 
visiting the Department of Periodontics, Sri Ramakrishna Dental College and Hospital, 
Coimbatore. The study was approved by the Institutional Ethical Committee and carried 
out with written informed consent from the subjects. 
STUDY DESIGN AND PATIENT SELECTION 
  The subjects included in the study have to satisfy the following criteria: 
CRITERIA OF INCLUSION 
SELECTION OF STUDY GROUP: 
  T2DM patients aged 35-75 years, with at least 20 teeth present in the 
mouth.  
SELECTION OF CONTROL GROUP: 
  Non diabetes mellitus patients aged 35-75 years, with at least 20 teeth 
should present in the mouth.  
CRITERIA OF EXCLUSION: 
• Patients requiring prophylactic antibiotics. 
• Pregnant and lactating mothers. 
• Type 1 Diabetes mellitus.  
• Smoker. 
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DATA GATHERING 
  Information was collected regarding name, age, sex, address, oral hygiene 
habits, personal habits, diet and duration of diabetes of the patients. Consent form was 
obtained from each patient. A single examiner performed the clinical examination for the 
study with a help of a dental house surgeon, who was well trained in recording the data. 
Standardization and calibration were done before the study. The examination was done 
under natural light with sterile mouth mirror, explorer and CPITN probe recommended 
by WHO. Community Periodontal Index and Plaque Index (Silness and Loe 1967) were 
recorded.  
ARMAMENTARIUM:  
 -Dental mouth mirror 
 -Explorer 
 -CPITN probe  
 -Tweezers 
 -Surgical mask 
 -Gloves 
 -Sterile gauze pellets  
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PROFORMA 
DEPARTMENT OF PERIODONTICS AND ORAL IMPLANTOLOGY 
SRI RAMAKRISHNA DENTAL COLLEGE AND HOSPITAL COIMBATORE 
PREVALENCE AND SEVERITY OF PERIODONTAL DISEASE IN                                                        
TYPE 2 DIABETES MELLITUS (NON INSULIN DEPENDENT DIABETES 
MELLITUS) PATIENTS IN COIMBATORE CITY-AN EPIDEMIOLOGICAL 
STUDY 
                                                               FORM I  
   NAME: 
   AGE:   SEX: 
   POSTAL ADDRESS: 
   TELEPHONE NUMBER: 
   OCCUPATION: 
  CRITERIA OF INCLUSION: 
• STUDY GROUP      : Type 2 Diabetic patients 
• CONTROL GROUP : Non-Diabetic patients 
• AGE                          : 35-75 years 
• At least 20 teeth should present in the mouth.         
 CRITERIA OF EXCLUSION: 
• Patients requiring prophylactic antibiotics. 
• Pregnant and lactating mothers. 
• Type 1 Diabetes mellitus  
• Smoker. 
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FORM -II 
PERSONAL HISTORY:   
1.  Diet:          Veg                                               Mixed 
2. Brushing habit: 
• Oral hygiene aids         :      
• Frequency of brushing :          
4. Alcohol consumption :         Yes                                     No 
FAMILY HISTORY: 
 
 
DIABETIC STATUS: 
Glycated haemoglobin level: 
•  < 6.0%    :Well - controlled diabetics 
•  7.0-8.0% : Moderately controlled diabetics 
•  > 8.0%    : Poorly or uncontrolled diabetics 
        
DURATION OF DIABETES: 
o < 5 years : 
o 6-10years: 
o >10 years: 
 
ORAL HYPOGLYCEMIC DRUGS: 
DRUG DOSAGE: 
Morning   Afternoon   Evening 
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INSULIN: 
PHYSICAL EXERCISE:    
 
 
 
DIET RESTRICTION:                 YES                            NO                  
 
NUMBER OF MISSING TEETH        :               
o Caries  
o  Mobility 
o Fracture 
If other specify......................................................   
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FORM III 
                                                                               DATE: __________ 
1. PLAQUE INDEX(SILNESS AND LOE 1967) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calculation: 
 
Inference:   ------------------------ 
Excellent   : 0                 
Good         : 0.1-0.9 
Fair          : 1.0-1.9 
Poor         : 2.0-3.0 
 
 
 
        Sum of score of each teeth 
   Total number of teeth examined 
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2. COMMUNITY PERIODONTAL INDEX :( WHO - 1997) 
                                                                                                                                                                                                                                                                                                              
                                17         16           11             26        27 
     
     
                             47              46            31           36              37                 
 
Code 0 -Healthy tissue 
Code 1 - Bleeding observed during or after probing. 
Code 2 - Calculus  
Code 3 - Pocket of 4mm or 5mm 
Code 4 - Pocket of 6mm or more 
Code X -One teeth or no teeth are present in a sextant 
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LOSS OF ATTACHMENT (Part of CPI) 
                                                                                                                                                                                                                                                                                                              
                               17        16            11           26        27 
     
     
                          47                46         31              36          37                 
 
 
Code 0: Loss of attachment 0-3 mm 
Code 1: Loss of attachment 4-5 mm 
Code 2: Loss of attachment 6-8 mm 
Code 3: Loss of attachment 9-11 mm 
Code 4: Loss of attachment more than 12 mm 
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FORM - IV 
                        
                                               CONSENT BY SUBJECT 
 
I have been informed to my satisfaction, by the attending dentist, the purpose of the 
clinical examination.  
  I, exercising my free power of choice hereby give my consent to be 
included as a subject in the study "PREVALENCE AND SEVERITY OF 
PERIODONTAL DISEASE IN TYPE 2 DIABETES MELLITUS (NON INSULIN 
DEPENDENT DIABETES MELLITUS) PATIENTS IN COIMBATORE CITY- 
AN EPIDEMIOLOGICAL STUDY" which is authorized by the ethical committee, SRI 
RAMAKRISHNA DENTAL COLLEGE AND HOSPITAL, COIMBATORE. The details of 
the above study have been explained in the language understood by me. 
 
 
Place    : 
 Date    :                                                                               
 Signature/Thumb impression: 
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FORM -V 
                                   CERTIFICATE BY INVESTIGATOR 
 
      I certify that I have disclosed all details about the study in the terms easily understood 
by the patient. 
 
 
 
Dated: 
 
 
Signature: 
 
Name: 
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Fig.1 Armamentarium 
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Fig 2 Sri Ramakrishna Hospital, Coimbatore 
 
Fig.3 Department of Diabetology, Sri Ramakrishna Hospital, Coimbatore 
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Fig.4 Oral examination 
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Statistical analysis: 
  The data were reported as the mean +/- SD or the median, depending on 
their distribution. The differences in quantitative variables between groups were assessed 
by means of the unpaired t-test. Comparison between groups was made by the Non 
parametric Mann-Whitney test. ANOVA was used to assess the quantitative variables. A 
Chi Square test & Fisher exact test was used to assess differences in categorical variables 
between groups. Diagnostic test Odds ratio was performed. A p value of <0.05 using a 
two-tailed test was taken as significant for all statistical tests. All data were analyzed with 
a statistical software package.(SPSS, version 16.0 for windows). 
RESULTS 
SEX DISTRIBUTION  
  In the present study, a total of 500 subjects were included. 400 patients 
belonged to the study group and 100 patients were included in the control group. The 
study group included 400 subjects with 226 males and 174 females. The control group 
included 100 subjects in which 41 were males and 59 were females (Table.1) (Fig.5). The 
percentage of males to females in the current study was 53.4% and 46.4% respectively 
(Table.1) (Fig.6). The odds ratio between the study and control group based on gender 
was 1.8691 and 0.535 for males and females respectively, which was statistically 
significant (p<0.05) (Table.2). 
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AGE DISTRIBUTION 
  The subjects were categorized as belonging to 35-40 years, 41-50 years, 
51-60 years and 61-75 years. In study group, 47 subjects belonged to the age group 35-40 
years, 99 subjects fell in the age group of 41-50 years, 129 subjects were in the age group 
51-60 years and 125 subjects belonged to the age group of 61-75 years. In control group, 
34 subjects fell in the age group of 35-40 years, 27 subjects belonged to the age group of 
41-50 years, 27 subjects were in the age group of 51-60 years and 12 subjects belonged to 
the category of 61-75 years (Table.3) (Fig.7). 
INTRA – ORAL ASSESSMENT 
MISSING TEETH 
  The mean value of missing teeth were analyzed under various age groups 
(35-40, 41-50, 51-60, 61-75 years). In the study group, the mean value of missing teeth 
was 0.74±1.34 in the age group of 35-40 years, 1.69±1.97 in the age group of 41-50 
years, 2.14±2.49 in the age group of 51-60 years and in the age group of 61-75 years, it 
was 3.24±3.12. In the control group, the mean value of missing teeth in the age group of 
35-40 years was 1.00±1.25, in the age group of 41-50 years it was 1.33±2.01, whereas, in 
the age group of 51-60 and 61-75 years, it was 2.48±2.48 and 2.58±2.27 respectively 
(Table 4)(Fig.8). When the mean value of missing teeth under various age groups were 
compared, the result was found to be statistically significant (p<0.05) (Table.5) 
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   The mean value of missing teeth was also calculated based on gender. In 
study group, the mean value of missing teeth among males and females was 2.15± 2.690 
and 2.28±2.522 respectively, which was statistically significant (Table 6) (Fig. 9). 
  In control group, the mean value of missing teeth in males was 
1.47±2.323, in females, it was 1.84±1.850 and this difference was not statistically 
significant. (p >0.05) (Table 6) (Fig. 9). The result showed that the mean value of missing 
teeth in the study group and in control group when compared based on gender, was not 
statistically significant (p >0.05) (Table.7).  
   The percentage of missing teeth in both study and control groups was 
calculated. In study group , it was found that 39% had no missing teeth, 35.2% had 1-3 
missing teeth, 18.5% had 4-6 missing teeth, 6% had 7-9 missing teeth, 1.2% had > 10  
missing teeth. In control group, it was found that 39% had no missing teeth, 45% had 1-3 
missing teeth, 12% had 4-6 missing teeth, 3% had 7-9 missing teeth and 1% had >10 
missing teeth (Table.8) (Fig.10). 
  The mean value of missing teeth in the control group and study group was 
compared. It was found to be 2.21± 2.59 in the study group and 1.68 ±2.06 in control 
group  . The result showed that the mean value of missing teeth in study and control 
group was statistically significant (p<0.05) (Table 9). 
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MOBILE TEETH 
  The mean number of mobile teeth was analyzed under various age groups 
(35-40, 41-50, 51-60, 61-75 years). In the study group, the mean number of mobile teeth 
were 0.19±0.613 in the age group of 35-40 years, 0.80±1.738 in the age group of 41-50 
years, 1.13±1.930 in the age group of 51-60 years and 0.80±1.251 in the age group of 61-
75 years.(Table.10)(Fig.11) 
  In the control group, the mean value of mobile teeth in the age group of 
35-40 years was 0.38±1.280, 0.48±1.312 in the age group of 41-50 years, in the age 
group of 51-60 years, it was 0.44±1.974 and 0.67±1.303 in the age group of 61-75 years 
(Table 10)(Fig.11). When the mean value of mobile teeth were compared among various 
age groups, the results were not found to be statistically significant (p>0.05) (Table 11)  
  The mean value of mobile teeth was also calculated based on gender. In 
study group, the mean value of mobile teeth among males and females was 0.74±1.301 
and 0.96±1.929 respectively, which was not statistically significant (p>0.05). In control 
group, the mean value of mobile teeth in males was 0.26±1.136 and in females it was 
0.61±1.236. This difference was not statistically significant(p >0.05) (Table 12) (Fig 12). 
On comparing the mean value of mobile teeth in the study and control groups based on 
gender, no statistically significant difference was found (p >0.05) (Table.13). 
   In study group, 71% of the subjects had no mobile teeth, 21% had 1-3 
mobile teeth, 7% had 4-6 mobile teeth, 1% had 7-9 mobile teeth and 1% presented with 
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>10 mobile teeth. In control group, 80% had no mobile teeth, 13% had 1-3 mobile teeth, 
6% had 4-6 mobile teeth, 3% had 7-9 and 1% had >10 mobile teeth (Table.14)(Fig.13). 
  The mean values of mobile teeth in the study and control groups were 
0.84±1.578 and 0.46±1.244 respectively. On comparison no statistically significant 
difference was found between the group (p > 0.05)(Table.15). 
PLAQUE INDEX (PlI) 
  The mean value of PlI was analyzed for various age groups (35-40, 41-50, 
51-60, 61-75 years). In the study group, the mean value of PlI in the age group of 35-40 
years was 1.3119± 0.9367, 1.6871±0.7911in the age group of 41-50 years, in the age 
group of 51-60 years, it was 1.8333±0.8117 and in the age group of 61-75 years, it was 
found to be 2.1212±1.5969.(Table.16) (Fig 14)   
  In the control group, the mean value of PlI in the age group of 35-40 years 
was 0.8329±0.1603, 0.7631±0.1468 in the age group of 41-50 years, 0.6612±0.1908 in 
the 51-60 age group and 0.7857±0.0785 in the age group of 61-75 years (Table 16) 
(Fig.14). When the mean value of PlI was compared for various age groups, the result 
was not statistically significant (p>0.05) (Table 17). 
   The mean value of PlI was 1.78±0.84 and 1.88±1.47 for males and 
females of the study group respectively. This value was not statistically significant (p 
>0.05). In control group, the mean value of PlI in males was 1.62±0.88 and in females it 
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was 1.43±0.69. This variation was not statistically significant (p >0.05) (Table.18) 
(Fig.15) 
   The result showed that when the mean value of PlI in the study and control 
groups, when compared based on gender, was not statistically significant (p >0.05). 
(Table.18). 
  The mean values of PlI in the study and control groups were 1.82±1.14 
and 1.51±0.78 respectively. On comparison no statistically significant difference was 
found between the groups (p>0.05) (Table.19). 
FREQUENCY OF BRUSHING HABIT 
  The frequency of brushing habit was evaluated. In the study group, 78.5% 
subjects brushed once daily and 21.5% subjects brushed twice daily. In the control group, 
72% subjects brushed once daily and 28% subjects brushed twice daily. (Table 20) (Fig 
16) 
ORAL HYGIENE AIDS 
  The oral hygiene aids used by the subjects was evaluated .The result 
showed that in the study group, 98.5% subjects used tooth paste and tooth brush, 0.25% 
subjects used tooth powder and 1.25% used their fingers to brush. In the control group, 
all the subjects used tooth paste and tooth brush (Table 21) (Fig 17). 
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GLYCATED HEMOGLOBIN STATUS (HbA1c): 
  In the study group, all the subjects were assessed for Glycated hemoglobin 
status. The result showed that 124 patients had well controlled, 122 patients had 
moderately controlled and 154 patients presented with poorly controlled diabetic status 
(Table.22) (Fig 18).  
HbA1c status with missing teeth 
  With regard to missing teeth, it was found that in well controlled diabetic 
subjects 49 subjects had no missing teeth, 53 subjects had 1-3 missing teeth, 17 subjects 
had 4-6 missing teeth, 5 subjects had 7-9 missing teeth and none had >10 missing teeth. 
Among moderately controlled diabetic subjects, 53 subjects had no missing teeth, 35 
subjects had 1-3 missing teeth, 26 subjects had 4-6 missing teeth, 3 subjects had 7-9 
missing teeth and 5 had >10 missing teeth. In poorly controlled diabetic subjects, 52 had 
no missing teeth, 53 had 1-3 missing teeth, 32 had 4-6 missing teeth, 16 had 7-9 missing 
teeth, 1 had >10 missing teeth (Table.23) (Fig.19). The mean values of missing teeth 
were 1.81±2.225, 2.3±3.072, 2.41±2.531 in well controlled , moderately controlled and 
poorly controlled diabetics respectively, which was not significant (p>0.05)(Table.24) 
(Fig.20) 
HbA1c with mobility 
  With regard to the presence of mobile teeth in study subjects, it was found 
that the mean value of mobile teeth was 0.59±1.090, 0.72±1.456 and 1.12±1.965 in well, 
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moderately and poorly controlled diabetic subjects respectively which was not significant 
(p>0.05) (Table.25) (Fig. 21). 
HbA1c with PlI 
  In the current study, the mean value of PlI score was 1.8142±1.59094, 
1.9063±0.83842 and 1.7714±0.92128 in well controlled, moderately controlled, and 
poorly controlled diabetic subjects respectively, which was not significant (p>0.05) 
(Table.26) (Fig 22) 
 CPI INDEX AND DURATION OF DIABETES 
  In the current study, the subjects were classified based on duration of 
diabetes as those with ≤ 5years of diabetes, those with 6-10 years and > 10 years of 
diabetes. The result showed that 177 subjects had diabetes for <5 years, 99 subjects had 
diabetes for a period of 6-10 years and 124 subjects were diabetic for >10 years 
(Table.27). 
  Among 177 subjects with less than 5 years of diabetes, 42.40% had 
healthy gingiva (Code 0), 11.90% had bleeding gums (Code 1), 13.0% had calculus 
(Code 2), 16.40% had periodontal pocket 4-5mm (Code 3) and 16.40% had periodontal 
pocket >6mm (Code 4). Among 99 subjects with 6-10 years of diabetes, 6.10% had 
healthy gingiva (Code 0), 9.10% had bleeding gums (Code 1), 10.10% had sites with 
calculus (Code 2), 49.5% had periodontal pocket 4-5mm (Code 3) and 25.3% had 
periodontal pocket >6mm (Code 4). Among 124 subjects with diabetes >10 years, 5.60% 
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had healthy gingiva (Code 0), 8.90% had bleeding gums (Code 1), 10.50% had calculus 
(Code 2), 55.60% had periodontal pocket 4-5mm (Code 3) and 19.40% had periodontal 
pocket >6mm (Code 4) (Table.28) (Fig 23). 
CPI INDEX AND AGE 
  On age wise analysis, it was found that, of the subjects belonging to the 
31-40 years age group 24.70% had healthy gingiva (Code 0), 14.30% had bleeding gums 
(Code 1), 16.90% of had calculus (Code 2), 37.70% had periodontal pocket 4-5mm 
(Code 3) and 6.50% had periodontal pocket >6mm (Code 4). In the age group of 41-50 
years, 23% had healthy gingiva (Code 0), 11.10% had bleeding gums (Code 1), 12.70% 
had calculus (Code 2), 35.70% had periodontal pocket 4-5mm (Code 3) and 17.50% had 
periodontal pocket >6mm (Code 4). In age group of 51-60 years, 23.10% had healthy 
gingiva (Code 0), 10.90% had bleeding gums (Code 1), 8.30% of had calculus (Code 2), 
38.50% had periodontal pocket 4-5mm (Code 3) and 19.20% had periodontal pocket 
>6mm (Code 4). In age group of 61-75 years, 13.10% had healthy gingiva (Code 0), 
10.90% had bleeding gums (Code 1), 10.90% of had calculus (Code 2), 48.90% had 
periodontal pocket 4-5mm (Code 3) and 16.10% had periodontal pocket >6mm (Code 4). 
(Table.29)(Fig.24) 
CPI AND GENDER 
  On gender wise analysis, among males, 17.80% of the subjects had 
healthy gingiva (Code 0), 10.90% had bleeding gums (Code 1), 10.10% had calculus 
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(Code 2), 46.40%  had periodontal pocket 4-5mm (Code 3), 14.90% had periodontal 
pocket >6mm (Code 4). Among females, 24.10% of the subjects had healthy gingiva 
(Code 0), 12.10% had bleeding gums (Code 1), 13.80% had calculus (Code 2), 33.00% 
had periodontal pocket 4-5mm (Code 3), 17.00% had periodontal pocket >6mm (code 4) 
(Table.30) (Fig.25). 
CPI AND SUBJECTS (STUDY AND CONTROL GROUP) 
  In study group, 38.7% of the subjects had  healthy gingiva (Code 0), 19% 
had bleeding gums (Code 1), 18.9% had calculus (Code 2), 16.6% had periodontal pocket 
4-5mm (Code 3) and 6.8% had periodontal pocket >6mm (code 4). Among control group, 
68.3% subjects had healthy gingiva (Code 0), 12.6% had bleeding gums (Code 1), 11.4% 
had calculus (Code 2), 4.5% had periodontal pocket 4-5mm (Code 3) and 3.2% had 
periodontal pocket >6mm (code 4) (Table.31)(Fig26)   
CPI AND HbA1c STATUS  
  In well controlled diabetics, 25.50% had healthy gingiva (Code 0), 6.50% 
had bleeding gums (Code 1), 10.50% had calculus (Code 2), 40.60 % had periodontal 
pocket 4-5mm (Code 3) and 16.90% had periodontal pocket >6mm (Code 4). In 
moderately controlled diabetics, 9% had healthy gingiva (Code 0), 8.20% had bleeding 
gums (Code 1), 13.10% had calculus (Code 2), 48.40% had periodontal pocket 4-5mm 
(Code 3) and 21.30% had periodontal pocket >6mm (Code 4). In poorly controlled 
diabetics, 8.40% had healthy gingiva (Code 0), 14.90% had bleeding gums (Code 1), 
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11.00% had calculus (Code 2), 45.60% had periodontal pocket 4-5mm (Code 3)and 
20.10% had periodontal pocket >6mm (Code 4).(Table.32) (Fig 27). 
  The total mean value of CPI in well controlled diabetic subjects was 
1.93±0.853, in moderately controlled diabetics it was 1.97±0.816 and in poorly controlled 
diabetics it was 1.85±0.966. There were no statistically significant variations observed in 
CPI scores among the groups (p>0.05) (Table.33). 
LOSS OF ATTACHMENT (CPI) 
  In study group, 26% of the subjects had no loss of attachment (Code 0), 
65.2% had loss of attachment 4-5mm(Code 1), 6.25% had 6-8mm loss of attachment 
(Code 2) and 1.70%  had 9-11mm loss of attachment (Code 3) and 1.25% had >12mm 
loss of attachment (Code 4) (Table.34)(Fig 28). In control group, 83.5% of the subjects 
had no loss of attachment (Code 0) 10.8% had loss of attachment 4-5mm (Code 1), 1.6% 
had 6-8mm loss of attachment (Code 2) and 2.3% had 9-11mm loss of attachment (Code 
3) and 1.8% had >12mm loss of attachment (Code 4). (Table.35)(Fig 29). 
PREVALENCE AND SEVERITY OF PERIODONTAL DISEASE: 
  In study group (n=400), 38.7% of the subjects had healthy gingiva, 19.0% 
had gingivitis and 42.3% had periodontitis. In control group (n=100), 68.3% of the 
subjects had healthy gingiva, 12.6% had gingivitis and 19.1% had periodontitis. 
(Table.36)(Fig.30)  
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   Overall, the prevalence of periodontal disease in the study and control 
group was 61.3% and 31.7% respectively (Table.37) (Fig 31). According to multiple 
regression analysis, there was a positive correlation between prevalence and severity of 
periodontal disease with age, duration of diabetes and Glycated hemoglobin status. The 
odds ratio of the study group showing periodontal destruction was 0.259 in well 
controlled, 3.283 in moderately controlled and 2.329 in poorly controlled diabetics 
(Table.38). 
CHI-SQUARE TEST AND MULTIVARIATE LOGISTIC REGRESSION 
ANALYSIS 
  Chi-square tests revealed that the age of the patient, duration of diabetes 
and Glycated hemoglobin level had a statistically significant influence on periodontal 
destruction. Variables that were relevant to periodontitis were included in the multivariate 
model which included age, gender (demography), personal habits, duration of diabetes 
and Glycated hemoglobin level.   
  As per the multivariate logistic regression analysis, age and duration of 
diabetes seemed to have an influence on periodontal disease. There was positive 
correlation between the Glycated hemoglobin status and severity of periodontal disease 
as well (Fig.32). The number of missing teeth and mobile teeth were greater in the study 
group than in the control group. The odds ratio of the study group showing periodontal 
destruction as compared with control group was 3.283 with 95% CI (Table.39). 
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 Table.1: Sex distribution  
GENDER STUDY CONTROL TOTAL (%) 
MALE 226 41 267 53.4% 
FEMALE 174 59 233 46.4% 
TOTAL 400 100 500  100% 
 
Table.2 Odds ratio of sex distribution  
 
 
 
 
 
Table.3 Age distribution in subjects 
AGE GROUP 
STUDY  CONTROL TOTAL (%) 
35 - 40 47 34 81 16.2% 
41 - 50 99 27 126 35.2% 
51 - 60 129 27 156 31.2% 
60 - 75 125 12 137 27.4% 
TOTAL 400 100 500   
 
 
GENDER Odds Ratio 95% CI 
Males 1.8691 1.1979 to 2.9162 
Females 0.535 0.3429 to 0.8348 
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Table 4: Mean value of missing teeth with age group 
Descriptive Statistics  
Mean Missing Teeth with Age 
Group  
    
Group Age Mean SD Sig 
STUDY 35 - 40 0.74 1.34   
41 - 50 1.69 1.97 <0.05 
51 - 60 2.14 2.49   
61 - 75 3.24 3.12   
Total 2.21 2.61   
CONTROL 35 - 40 1.00 1.25   
41 - 50 1.33 2.01 <0.05 
51 - 60 2.48 2.48   
61 - 75 2.58 2.27   
Total 1.68 2.06   
 
Table.5 Mean value of missing teeth with age groups in subjects(study and control group) 
Mean Missing Teeth with 
Age Group  
    
GROUP Age Mean SD Sig 
  > 40 0.97 1.35   
Subjects 41 - 50 1.6 1.91 <0.05 
  51 - 60 2.28 2.51   
  > 60 3.17 3.09   
  Total 2.07 2.48   
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Table.6: Mean value of missing teeth with gender 
Descriptive Statistics  
Mean Missing Teeth with Gender     
Group Gender Mean SD Sig 
STUDY MALE 2.15 2.690   
FEMALE 2.28 2.522 >0.05 
Total 2.21 2.619   
CONTROL MALE 1.47 2.323   
FEMALE 1.84 1.850 >0.05 
Total 1.68 2.064   
 
Table.7: Mean value of missing teeth with gender in subjects 
Descriptive Statistics  
Mean Missing Teeth with Gender     
Group Gender Mean SD Sig 
SUBJECTS MALE 2.01 2.606   
FEMALE 2.14 2.337 >0.05 
Total 2.07 2.483   
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Table .8: Number of missing teeth in subjects (study and control group) 
Number of  
missing teeth Study % Controls % 
 
Total (%) 
NIL 154 39% 39 39% 195 39% 
1 - 3 141 35.2% 45 45% 188 38% 
4 - 6 74 18.5% 12 12% 86 17% 
7 - 9 24 6% 3 3% 25 5% 
>10 5 1.2% 1 1% 6 1% 
TOTAL 400 100 100%  500  100% 
 
Table 9: Mean value of number of missing teeth in subjects 
  95% CI for Mean 
Variables Subjects Mea
n 
SD Lowe
r 
Uppe
r 
Minimu
m 
Maximu
m 
Sig 
NO.OF 
MISSIN
G 
TEETH 
STUDY 2.21 2.5
9 
1.94 2.45 0 17   
CONTRO
L 
1.68 2.0
6 
1.19 1.93 0 10 <0.0
5 
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Table 10: Mean value of mobile teeth with age group 
Descriptive Statistics  
Mean Mobile teeth with Age Group      
 Group Age Mean SD Sig 
STUDY 35-40 0.19 0.613   
41 - 50 0.80 1.738   
51 - 60 1.13 1.930 >0.05 
61-75 0.80 1.251   
Total 0.84 1.595   
CONTROL 35-40 0.38 1.280   
41 - 50 0.48 1.312   
51 - 60 0.44 1.974 >0.05 
61 - 75 0.67 1.303   
 
Table 11: Mean value of mobile teeth with age group in subjects (study and control 
group) 
Descriptive Statistics  
Mean Mobile teeth with Age Group      
 Group Age Mean SD Sig 
SUBJECTS 35-40 0.23 0.592   
41 - 50 0.76 1.729   
51 - 60 1.03 1.879 >0.05 
61-75 0.74 1.263   
Total 0.73 1.536   
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Table.12: Mean value of mobile teeth with gender 
Descriptive Statistics  
Mean mobile teeth  with Gender     
Group Gender Mean SD Sig 
STUDY MALE 0.74 1.301   
FEMALE 0.96 1.929 >0.05 
Total 0.84 1.595   
CONTROL MALE 0.26 1.136   
FEMALE 0.61 1.236 >0.05 
Total 0.46 1.201   
 
Table.13: Mean value of mobile teeth with gender in subjects 
Descriptive Statistics  
Mean mobile teeth  with Gender    
Group Gender Mean SD Sig 
SUBJECTS MALE 0.6 1.262   
FEMALE 0.88 1.791 >0.05 
Total 0.73 1.536   
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Table.14: Percentage of mobile teeth in subjects 
Number of  
Mobile teeth   STUDY %  CONTROL% 
 
NIL 71% 80% 
1 - 3 21%% 13% 
4 - 6 7% 6% 
7 - 9 1% 3% 
>10 1% 1% 
 
Table.15: Mean value of mobile teeth in subjects 
  95% CI for Mean 
Number 
of 
mobile 
teeth 
mobile 
teeth 
Subjects Mean SD Lower Upper Minimum Maximum Sig 
STUDY 0.84 1.578 0.63 0.94 0 10   
CONTROL 0.46 1.244 0.27 0.81 0 7 >0.05 
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Table 16: Mean value of PlI score with age group 
Descriptive Statistics  
Mean Plaque Index score with Age Group    
 Group Age Mean SD Sig 
STUDY 35 - 40 1.3119 0.9367   
41 - 50 1.6871 0.7911   
51 - 60 1.8333  0.8117 >0.05 
61 - 75 2.1212 1.5969   
Total 0.8377 0.1458   
CONTROL 35 - 40 0.8329 0.1603   
41 - 50 0.7631 0.1468   
51 - 60 0.6612 0.1908 >0.05 
60 -75 0.7857 0.0785   
Total 1.5147 0.77375   
 
Table.17 Mean value of PlI with age group in subjects (study and control group) 
Mean PlI score with Age Group    
 Age Mean SD Sig 
SUBJECTS > 40 1.3226 0.83632   
41 - 50 1.6478 0.79387 >0.05 
51 - 60 1.8154 0.83664   
> 60 2.28 2.01327   
Total 1.7883 1.27446   
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Table.18: Mean value of PlI with gender 
Mean Plaque Index score with 
Gender 
    
Group Gender Mean SD Sig 
STUDY MALE 1.78 0.84   
FEMALE 1.88 1.47 >0.05 
Total 1.87 1.36   
CONTROL MALE 1.62 0.88   
FEMALE 1.43 0.69 >0.05 
Total 1.48 0.77   
TOTAL MALE 1.82 1.14   
FEMALE 1.79 1.27 >0.05 
Total 1.79 1.27   
 
Table.19 Mean value of Plaque Index in groups 
  95% CI for Mean 
Variables Subjects Mean SD Lower Upper Minimum Maximum Sig 
Mean of 
Plaque 
Index 
STUDY 1.82 1.14 1.73 2.00 .18 16   
CONTROL 1.51 0.78 1.32 1.63 .20 3.8 >0.05 
 
Table20: Frequency of brushing habits in subjects 
  Subjects     
Frequency Study Controls Study 
% 
Control 
 % 
 ONCE 314 72 78.5% 72% 
TWICE 86 28 21.5% 28% 
TOTAL 400 100 
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Table.21: Oral hygiene aids 
  Subjects 
Oral Hygiene aids Study % Controls % 
TOOTH 
BRUSH&PASTE 
394 98.5% 100 100% 
TOOTH 
POWDER 
1 0.25% 
 
0 0% 
FINGER 5 1.25% 0 0% 
TOTAL 400  100  
 
Table.22: HbA1c status in study group 
HbA1c Status N (%) 
WELL 124 31% 
MODERATE 122 30.5% 
POOR 154 38.5% 
Total 400  100% 
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Table.23: Number of missing teeth in study group in relation to HbA1c status 
Number of  
missing teeth 
HbA1c Status 
  
    
WELL MODERATE POOR Total (%) 
NIL 49 53 52 154 38.5% 
1 - 3 53 35 53 141 35.2% 
4 - 6 17 26 32 75 18.8% 
7 - 9 5 3 16 24 6% 
>10 0 5 1 6 1.5% 
TOTAL 124 122 154 400   
 
Table.24: Relation of mean value of missing teeth with HbA1c in study group 
  HbA1c      95% 
CI for 
Mean 
                
Variables Status Mea
n 
SD Lowe
r 
Uppe
r 
Minimu
m 
Maximu
m 
Sig 
NO.OF 
MISSIN
G 
TEETH 
WELL 1.81 2.22
5 
1.56 2.28 0 8   
MODERAT
E 
2.3 3.07
2 
1.73 2.86 0 17   
POOR 2.41 2.53
1 
1.99 2.84 0 10 >0.0
5 
Total 2.2 2.59
9 
1.94 2.45 0 17   
 
Table 25: Relation of mean value of mobile teeth with HbA1c in study group 
  HbA1c      95% 
CI for 
Mean 
                
Variable
s 
Status Mea
n 
SD Lowe
r 
Uppe
r 
Minimu
m 
Maximu
m 
Sig 
NO.OF 
MOBIL
E 
TEETH 
WELL 
0.59 
1.09
0 
0.40 0.78 0 4 
  
MODERAT
E 
0.72 
1.45
6 
0.46 0.98 0 9 
  
POOR 
1.12 
1.96
5 
0.81 1.44 0 10 
>0.0
5 
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Table.26 Relation of mean value of PlI with HbA1c status in study group 
Mean  Plaque Index with HBA1cStatus   
  Mean SD 95% CI for 
Mean 
Minimum Maximum Sig 
HbA1c HbA1c Lower Upper 
WELL 
1.8142 1.59094 .14287 1.5314 2.0970 0.18 16.00 
MODERATE 
1.9063 0.83842 .07591 1.7560 2.0566 0.30 3.90 
POOR 
1.7714 0.92128 .07424 1.6247 1.9180 0.20 5.25 
Total 
1.8258 1.14981 .05749 1.7128 1.9388 0.18 16.00 
 
Table: 27 Duration of diabetes in study group 
 
 
 
 
 
 
 
 
 
STUDY GROUP N % 
<5 yrs 177 44.2% 
6-10 yrs 99 24.8% 
>10 yrs 124 31.0% 
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Tab.28 Duration of diabetes with CPI 
 CODE 
0 
CODE 
1 
CODE 
2 
CODE 
3 
CODE 
4 
< 5YRS 42.40% 11.90% 13.00% 16.40% 16.40% 
6-10 
YRS 
6.10% 9.10% 10.10% 49.50% 25.30% 
>10YRS 5.60% 8.90% 10.50% 55.60% 19.40% 
 
Table.29 CPI and age 
 Age 
 group 
CPI 
0 1 2 3 4 
31-40 24.70% 14.30% 16.90% 37.70% 6.50% 
41-50 23.00% 11.10% 12.70% 35.70% 17.50% 
51-60 23.10% 10.90% 8.30% 38.50% 19.20% 
61-75 13.10% 10.90% 10.90% 48.90% 16.10% 
 
Table 30 CPI and gender  
Gender code 0 code 1 code 2 Code 3. code 4 
Males 17.80% 10.90% 10.10% 46.40% 14.90% 
Females 24.10% 12.10% 13.80% 33.00% 17.00% 
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Table.31 CPI percentage in subjects 
CPI STUDY GROUP CONTROL GROUP 
Code 0 38.7% 68.3% 
Code 1 19% 12.6% 
Code 2 18.9% 11.4% 
Code 3 16.6% 4.5% 
Code 4 6.8% 3.2% 
 
Table.32 CPI score with HbA1c status 
  Code 0 Code 1 Code 2 Code 3 Code 4 
Well 25.50% 6.50% 10.50% 40.60% 16.90% 
Moderate 9% 8.20% 13.10% 48.40% 21.30% 
Poor 8.40% 14.90% 11% 45.60% 20.10% 
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Table.33: Mean CPI score with HbA1c Status 
Mean  CPI  INDEX with HbA1c Status   
HbA1c Mean SD 95% CI for 
Mean 
Minimum Maximum Sig 
Status CPI 
INDEX 
Lower Upper 
WELL 1.93 0.853 1.79 2.06 0 4   
MODERATE 1.97 0.816 1.81 2.12 0 4   
POOR 1.85 0.966 1.69 2.01 0 4 >0.05 
Total 1.91 0.883 1.82 2 0 4   
 
Table.34: Loss of Attachment (CPI) in study group 
Loss of 
attachment 
Code 0 Code 1 Code 2 Code 3 Code 
4 
Study 
group 
26% 65.2% 6.25% 1.70% 1.25% 
 
Table.35 Loss of Attachment (CPI) among control group 
CPI LOA Code 
0 
Code 
1 
Code 
2 
Code 
3 
Code 
4 
CONTROL 
GROUP 
83.5% 10.8% 1.6% 2.3% 1.8% 
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Table.36: Periodontal status in study and control group 
GROUPS Healthy Gingivitis Periodontitis 
STUDY 
GROUP 
38.7% 19.0% 42.3% 
CONTROL 
GROUP 
68.3% 12.6% 19.1% 
 
Table.37 Overall prevalence of periodontal disease 
GROUPS Healthy Periodontitis 
STUDY 
GROUP 
38.70% 61.30% 
CONTROL 
GROUP 
68.30% 31.70% 
 
Table.38 Odds ratio of study group 
HbA1C STATUS ODDS RATIO 95%CI 
WELL 0.259 0.169-0.397 
MODERATE 3.283 2.004-5.376 
POOR 2.329 1.492-3.635 
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Tab.39 Odds ratio of periodontal disease 
Groups Healthy Periodontal 
disease 
Odds 
Ratio 
0.259 3.283 
95%CI 0.169-0.397 2.014 - 
4.962 
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Fig: 5 Sex distribution 
 
 
 
Fig: 6 Percentage of sex distribution 
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Fig.7 Age Distribution 
 
 
Fig: 8 Mean value of missing teeth with age 
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Fig.9 Mean of missing teeth with gender 
 
 
Fig.10 Percentage of missing teeth in subjects 
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Fig.11 Mean of mobile teeth with age 
 
 
 
Fig.12 Mean of mobile teeth with gender 
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Fig.13 Percentage of mobile teeth in subjects 
 
 
Fig.14 Mean of PlI with age 
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Fig.15 Mean of PlI score with gender 
 
 
Fig.16 Frequency of brushing habits 
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Fig.17 Oral hygiene aids 
 
 
Fig: 18 HbA1c status in study group 
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Fig.19 Number of missing teeth with HbA1c status in study group 
 
 
Fig.20 Mean of missing teeth with HbA1c status in study group 
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Fig.21 Relation of mean value of mobile teeth with HbA1c in study group 
 
 
 
Fig 22 Relation of mean PlI score with HbA1c in study group 
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Fig 23 Duration of diabetes with CPI 
 
 
 
Fig.24 Age group with CPI 
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Fig.25 Gender with CPI 
 
 
Fig.26 CPI in subjects 
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Fig.27 CPI with HbA1c status 
 
 
Fig.28 Loss of Attachment (CPI) in study group 
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Fig 29 Loss of Attachment (CPI) in control group 
 
 
Fig.30 Periodontal status in study and control group 
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Fig.31 Overall prevalence of periodontal disease 
 
 
 
Fig.32 Correlation of HbA1c with Periodontitis 
 
0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
70.00%
80.00%
Healthy Periodontitis
STUDY GROUP
CONTROL GROUP
y = 0.2587x + 7.798
R² = 0.0104
0
5
10
15
20
0 0.5 1 1.5 2 2.5 3 3.5
H
b
A
1
c
Severity of Periodonitis - CPI
Correlation of Severity of Periodonitis vs HbA1c [r=+0.103] 
[N=400][p<0.05]
DISCUSSION 
 
  104 
 
  The present study design was a cross sectional and prevalence study. The 
purpose of the study was to assess the prevalence and severity of periodontal disease in 
type 2 diabetes mellitus patients in Coimbatore city and to compare the findings with 
non-diabetic patients. Information was collected regarding name, age, sex, address, oral 
hygiene habits, and personal habits, duration of diabetes and diet of the patients.  
  In this study, the mean value of missing teeth was 2.21±2.59 which was 
higher in diabetics compared to non-diabetic patients who had a mean value of 1.68±2.06 
missing teeth. This difference was significant (p<0.05). The mean value of missing teeth 
in poorly controlled diabetic patients (2.41±2.531) was higher when compared to the 
moderately (2.3±3.072) and well controlled diabetic patients (1.81±2.225) .This result 
was in accordance with the study done by Skrepcinski FB et al.32who found that 
periodontal disease and tooth loss increased in Native American patients with diabetes. 
This result was also in accordance with the study done by Fernandes JK et al. 52 who 
found similar result in Gullah African Americans population with type 2 diabetes. 
  In this study, it was observed that as age increases, the prevalence of 
periodontal disease also increased among diabetics. This increase was statistically 
significant. This result correlates with a studies done by Lu HK et al.39 & Sznajder N et 
al.22 who compared the periodontal condition in diabetic and non diabetics and correlated 
it with age. They stated that age is a significant factor for periodontal disease. 
   This study result showed a positive association between duration 
of diabetes and prevalence of periodontal disease which showed a significant p value (p 
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<0.05). As duration of diabetes increases, the severity of periodontal disease increased in 
patients who were suffering with diabetes for more than 5 years. This results was in 
accordance with the study done by Khader YS et al.49 who stated that, severity of 
periodontal disease was higher in patients who were diabetic for >5years than those with 
diabetes for a duration < 5years. 
  The association between Glycated hemoglobin level with prevalence and 
severity was assessed in the study. In this study, diabetic patients were classified into 
three groups based on Glycated hemoglobin levels, as well, moderately and poorly 
controlled diabetic patients according to the ADA classification. It was found that as 
Glycated hemoglobin increased, the severity of periodontal disease also increased. This 
results was similar to the studies done by Novaes Jr et al, 30 Tsai C et al, 35 Jansson H et 
al, 41 Leong P et al, 45 Fawad Javed et al, 47 Nesse Wet al, 53 Costa KL et al,  61  who 
found a positive correlation between the periodontal disease and HbA1c level in type 2 
diabetic patients.  
  The mean value of PlI in the diabetic group was 1.82±1.14 and in the non-
diabetic group it was 1.51±0.78. Though the difference was not significant, there was a 
positive correlation between mean PlI and prevalence & severity of periodontal disease in 
the study group. These observations were similar to the results of the study done by 
Khader YS et al. 49 who found no significant difference in the mean value of PlI between 
diabetic and non diabetics. This result was also in accordance with the study done by 
Mattou et al. 42 who demonstrated similar results among type 2 diabetic and non-diabetic 
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patients. Li C et al. 57 who performed an investigation on the prevalence of oral bacterial 
species in sub gingival plaque in chronic periodontitis with or without type 2 diabetes 
mellitus in Chinese population, found higher levels of T. denticola and T. forsythia in the 
sub gingival plaque of patients with chronic periodontitis and type 2 diabetes mellitus. 
The increased severity of periodontal disease with type 2 diabetes may reflect an 
alteration in the pathogenic potential of periodontal bacteria and/or modification in the 
host's inflammatory response that may contribute to a breakdown in homeostasis of the 
periodontium. 
  With regard to loss of attachment, it was found that in diabetic patients, 
the loss of attachment was 74.4% which showed higher value when compared to non 
diabetic patients. This was in accordance with the study done by Cohen DW et al. 18 who 
assessed that diabetic patients had a significantly greater loss of attachment than the non 
diabetic group.  
  This study result demonstrated higher levels of gingivitis in the study 
group (19%) than in the control group (12.6%). This result was in accordance with the 
study done by Cohen DW et al.18 who determined that diabetic patients had significantly 
more gingival involvement than the non diabetic patients. The result of the present study 
also coincides with the results of the study done by Ray HG et al.10who histologically 
examined the gingival tissues from diabetic and non diabetic patients and analyzed the 
severity of gingivitis, which appeared to be accentuated in the diabetic patients. This may 
explain the increased tissue reaction to local irritation. 
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  When the periodontal disease status was assessed using CPI, the present 
study showed that 38.7% were found to have no disease, 19% had bleeding gums, 18.9% 
had calculus, 16.6% demonstrated shallow pockets and 6.8% had deep pockets in the 
diabetic group. In non-diabetic group, 68.3% were found to have no disease, 12.6% had 
bleeding gums, 11.4% had calculus, 4.5% had shallow pockets and 3.2% had deep 
pockets.  
  The overall prevalence of periodontal disease in the diabetic patients was 
found to be 61.3% and the prevalence of periodontal disease in the non diabetic patients 
was 31.7%.The present study result is similar to the study done by Nelson RG et al.27 
who found the prevalence of periodontal disease was higher (60%) in diabetic patients 
than in non diabetic patients (19%) among Pima Indians.   
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  Type 2 DM is a heterogeneous group of disorders characterized by 
variable degrees of insulin resistance, impaired insulin secretion and increased glucose 
production. Distinct genetic and metabolic defects in insulin action and/or secretion give 
rise to the common phenotype of hyperglycemia in type 2 DM. Type 2 DM is preceded 
by a period of abnormal glucose  homeostasis classified as impaired fasting glucose or 
impaired glucose tolerance. The incidence of type I DM is 10% and that of type 2 DM is 
90%.41 
  DM is a systemic disease commonly associated with periodontal diseases. 
Even though, a close relationship has been demonstrated in a number of clinical and 
epidemiological studies, the association between these two diseases is not completely 
clear. This may be due to the complex nature of both diseases. Several investigators have 
reported a higher incidence and severity of periodontal disease in type 2 (NIDDM) 
diabetic patients as compared with non diabetic controls.  
  The purpose of this study was to assess the prevalence and severity of 
periodontal disease among type 2 diabetic patients in Coimbatore city. A total of 400 
(176 females and 226 males) type 2 DM (NIDDM) patients and 100 (54 females and 46 
males) non diabetic patients were examined and the results were tabulated and 
statistically analyzed. CPI was used for the assessment of periodontal health status. The 
mean CPI score was higher in diabetics as compared with non diabetics, and this 
difference was statistically significant (p<0.05). The risk factors like Glycated 
hemoglobin, duration of diabetes and oral hygiene status showed a positive correlation 
with periodontal destruction.  
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  Tooth mortality or the number of missing teeth is considered to be a good 
indicator of past periodontal disease. In the present study, diabetics had significantly 
more missing teeth compared to non diabetics. Subjects suffering with diabetes for >5 
years revealed greater periodontal destruction. The result of the present study also 
revealed that increased levels of HbA1c increased the severity of periodontal destruction. 
The prevalence of periodontal disease was found to be 61% in diabetic patients which 
was higher compared to the non diabetics 31.7%. The severity of periodontal destruction 
was higher in moderate and poorly controlled diabetic patients compared to well 
controlled diabetics. From the results obtained in the study, it can be concluded that 
periodontal destruction was more prevalent and severe in type 2(NIDDM) diabetic 
patients as compared to the non diabetic subjects in Coimbatore city. 
  India is the diabetic capital of the world and periodontitis is the sixth 
complication of diabetes. This is the first study to be conducted in the city of Coimbatore 
to assess the prevalence of periodontal disease in type 2 diabetes mellitus patients. Data 
from the World Health Organization estimate that the number of adults with diabetes 
worldwide will increase from 135 million in 1995 to 300 million in 2025.9 These 
alarming figures, stress on the need for prompt diagnosis and management of diabetes. It 
is also imperative that we nip the complications of diabetes such as periodontitis in the 
bud which can be achieved by increased awareness among the population and also by 
encouraging preventive oral hygiene measures. The importance of the same is further 
highlighted by the results of this study which revealed that 61.3% of diabetic subjects 
who were assessed, suffered from periodontal disease. Limitations of this study include 
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that it was confined in the subjects in one centre alone and the study was hence a small 
scale one. It is hence essential that further studies be conducted at a much larger scale at 
multiple centres to confirm the findings that were obtained in this study. 
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